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ABSTRACT 
This study investigated the effective use of online Multiple-Choice Questions (MCQs) with 
immediate formative feedback, and the granting of partial credit for correct second or third 
chance answers when assessing and assisting students’ conceptual learning at higher 
cognitive levels. The research sample comprised first year engineering science students 
at the Tshwane University of Technology (TUT), Pretoria campus. The differences 
between using online MCQ-assessment for problem-solving calculations and using 
constructed written questions (CRQs)1 in the assessment of problem-solving calculations 
were explored. Furthermore, the differences between the assessment of problem-solving 
calculations using online MCQs without immediate formative feedback, and with 
immediate formative feedback and the granting of partial credit were analysed. The 
findings revealed that students’ marks were lower when answering problem-solving 
calculations using online MCQs without immediate formative feedback than when 
answering the same questions using CRQs. This clearly indicates that using online MCQs 
without immediate formative feedback is not effective in assessing scientific problem-
solving calculations. Alternatively, online MCQs proved effective in assessing problem-
solving calculations when immediate formative feedback and partial credit were 
employed. The statistical analysis showed that students performed significantly better 
when immediate formative feedback was given and partial credit was granted for correct 
second or third attempts. This was due to online MCQs utilising immediate formative 
feedback, which made it possible to grant partial credit when students chose the correct 
answers after feedback. This showed that online MCQs with immediate formative 
feedback and partial credit being granted can be an effective assessment tool for scientific 
problem-solving calculations. It increases performance and supports learning from 
assessment. Students can thus correct their calculations whilst in the process of doing 
them.  
  
                                            
1 Constructed written questions also known as constructed response questions (CRQs) in the assessment 
of problem-solving calculations are questions that are answered in the traditional written step-by-step way. 
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: ORIENTATION TO THIS STUDY 
1.1 INTRODUCTION 
The aim of this study was to contribute to the current pool of knowledge regarding the use 
of online Multiple-choice Questions (MCQs) to assess problem-solving calculations with 
immediate formative feedback (IFF) and with the granting of partial credit. Problem-
solving calculations are an integral part of most introductory engineering courses, and 
students’ ability to solve them is traditionally assessed by means of written responses to 
questions where they have to give constructed answers. This is why these assessments 
are known as Constructed Response Questions or CRQs. Thus, these problem-solving 
calculations are usually solved in a constructive way (written down step-by-step), which 
is regarded as an extremely important part of the teaching and learning of problem-solving 
calculations in science (Huntley, Engelbrecht & Harding, 2010:141-171). This is especially 
the case as the procedure to obtain the answer is considered to be as important as the 
answer itself. Valuing the calculation steps, as well as the answer makes it possible to 
grant partial credit for some correct steps, although other steps, and the answer, may be 
wrong. For the assessment of calculations to be fair, it must therefore allow for partial 
credit for a partially correct answer (i.e. some correct steps in the calculation). This is 
probably the biggest reason why calculations are mostly not assessed using MCQs if only 
an answer is given/chosen and it is not possible to grant partial credit because the 
calculating steps are not presented. 
The importance of good assessment practice (also in assessing calculations) is 
emphasised by Boud (1995:35), who argues 
…that the effects of bad practice are far more potent than bad practice in any other 
aspect of teaching. Students can, with difficulty, escape from the effects of poor 
teaching, they cannot escape from the effects of poor assessment. 
Formative assessment encourages student learning by contributing helpful feedback and 
feed-forward to improve their performance. Formative feedback can thus be very valuable 
in teaching and learning (Black & Wiliam, 2004:20-50). Gipps and Simpson (2005:175) 
state that formative assessment without feedback may not add much value to student 
learning. Therefore, it is important to provide feedback on assessments (Gogri, Shaikh & 
Venugopal, 2013:2-5) as it is, in fact, the feedback that makes it formative in nature. To 
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use formative assessment with feedback in CRQs in the assessment of problem-solving 
calculations is therefore a common occurrence these days. There are various ways of 
giving feedback that can help ensure learning gains, in higher education too (Engelbrecht 
& Harding, 2004:217-231), and one of these is to do it online.  
Currently, online assessment is becoming more common and more important, particularly 
as part of e-learning and it should be as effective, trustworthy, reasonable and beneficial 
to students (Kearns, 2012:34) as other forms of assessment. It is important for students 
to attain the same results as those who do CRQs in the assessment of problem-solving 
calculations.  
Some American colleges and universities assess students’ knowledge with MCQs after 
completing a chapter of a textbook or a section of work (Mathews, 2006:6). To confirm 
the importance of assessing students’ knowledge at the end of each chapter, Biju and 
Seibu (2010:403-408) found that approximately 40 to 50 MCQs per chapter were 
posted on the Blackboard2 forum as online MCQ-assessments. The students needed 
to complete these at their own pace after a chapter was done. They were encouraged 
to do it as part of their learning exercises, although they did not get any marks for it. 
After the completion of the assessments, through receiving immediate post 
assessment feedback, they could see the answers and therefore discover what 
mistakes they had made. They further found in their study that there was a direct 
alignment between students who made use of the MCQs and better performance in 
the final examination (Biju & Seibu, 2010:403-408). Online MCQs are thus becoming 
a popular way of doing online assessment and revision (Tsze, 2013:19-32). 
Currently, however, online MCQs are mostly used to assess theory. In his study, though, 
Tsze (2013:19-32) found that, unlike using CRQs, MCQ-assessments do not ordinarily 
consider partial understanding of the answers for credit (Tsze, 2013:19-32). Although 
immediate post assessment feedback is provided, it has no formative function. If online 
MCQ-assessments are to be more useful and fair, immediate formative feedback (IFF) 
during the assessment process should be provided as it would assist students to learn 
from assessment. Not only do students then receive immediate feedback (e.g. the answer 
                                            
2 The Blackboard system is a virtual communication forum between lecturers and students through 
announcements used by universities. It is also used to manage the course for students to access. 
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is wrong), they receive formative corrective feedback (e.g. this is what you probably did 
wrong, so correct it and try again). One could express it as online MCQs with IFF during 
the assessment and the granting of partial credit for choosing the correct answer after 
considering the feedback.  
To facilitate this, the online MCQs should be structured in such a way that students need 
to be given an opportunity to use corrective feedback so that they can get to the correct 
answer, in other words, they need to be given the chance to choose a different answer. If 
this is possible, students are penalised for initially choosing a wrong answer (making a 
mistake), but are awarded partial credit for then correcting the mistake and getting to the 
correct answer. 
One last challenge exists in making online MCQ-assessments with IFF and the granting 
of partial credit viable, which is determining which distractors should be used when setting 
online MCQs. These distractors should anticipate the mistakes that students could make 
so that formative feedback can be built into it to indicate to them what they did wrong and 
how to correct it. To help to determine which distractors to use, lecturers need to note the 
common mistakes that students make when doing the same or similar CRQs in the 
assessment of problem-solving calculations. The ideal scenario would be to set up a 
database over a period of time, capturing the mistakes that students commonly make, as 
well as the most common mistakes that lecturers know students may make from their own 
experience. It is important to realise that it is impossible to make provision for all possible 
mistakes, but one can use the most common ones as possible distractors. The focus of 
this study was therefore to investigate the possibility of developing online MCQs designed 
to provide immediate formative feedback during the assessment process so that students 
can use this feedback to recalculate and find the correct answer. They could then be 
awarded partial credit when they correct their mistakes, which indicates that this process 
could be a possible alternative to the use of CRQs.  
1.2 BACKGROUND TO AND MOTIVATION FOR THE RESEARCH 
In this study, the researcher has been a lecturer at the Tshwane University of Technology 
(TUT) in Engineering Science for the past nine years. She lectures science in the 
extended programme of the course where first year students complete the same 
curriculum in one year as diploma students do in six months. At TUT, there is a gradual 
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move towards e-learning and subsequently, towards online assessment. In the 
Engineering Science extended programme, the problems at the end of each chapter of 
the textbook are currently assessed online using MCQs, which are placed on the 
Blackboard platform. These traditional MCQs are also known as fixed choice selected 
response items because they require students to choose a response from the fixed 
options presented to them. These types of questions can be marked quickly and provide 
immediate post assessment feedback (showing if the answer is correct or incorrect) to 
the students. TUT’s management software system, the Blackboard system, MyTutor via 
Respondus, is a user-friendly platform that can be used to assess the theoretical aspects 
of the curriculum by means of online MCQs. However, there is a need in engineering 
courses for the online assessment of problem-solving calculations. At present, this is not 
an option as the MCQs in use do not make provision for IFF during the assessment 
process that could allow students multiple opportunities to recalculate and find the correct 
answer when utilising the feedback, and which could make the granting of partial credit 
possible. 
Engelbrecht and Harding (2003:57-65) indicate that the use of CRQs is more appropriate 
and effective than the use of MCQs for assessing the logical and consolidation 
components of learning. Huntley, Engelbrecht and Harding (2011:3-16) find in the 
assessment component taxonomy, which was mentioned as a theory in the theoretical 
background, that MCQs may possibly be used to assess these higher cognitive levels. 
Hadsell (2009:135-141) emphasises that MCQs can have a positive effect if immediate 
feedback is given. A possible disadvantage of MCQs could be that MCQs are often poorly 
designed and can only assess the lower two levels of Bloom’s Taxonomy (Lister, 
2000:158-162; Gomes & Mendes, 2009:2547-2554) which is also utilised in the 
theoretical background of this study. 
The researcher experienced that if traditional MCQs without formative feedback are used, 
the results may not necessarily be a true reflection of the students’ understanding, since 
partial credit cannot be granted as is the case with CRQs. Consequently, only a few 
lecturers actually use MCQs. According to previous success and pass rate statistics in 
the courses at TUT, the average marks of students showed that they could get higher 
marks in CRQs compared to when the same content was assessed by means of MCQs 
without formative feedback and the granting of partial credit. The researcher regards this 
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as unfair assessment practice. Accordingly, there is a need to design quality MCQs with 
regard to the assessment of logical and consolidated assessment components 
(Engelbrecht & Harding, 2003:57-65; Huntley et al., 2011:3-16) and to build in IFF and 
the granting of partial credit when assessing calculations.  
This background and these personal observations provided the motivation for this 
research to investigate the possibility of designing online MCQs with IFF and the granting 
of partial credit during the assessment process. This is posited as important as it provides 
students multiple opportunities to find the correct answer after utilising the feedback.  
1.3 PROBLEM STATEMENT AND PURPOSE STATEMENT 
E-learning is a popular trend in teaching and learning in higher education (Kearns, 
2012:43). Although the utilisation of online MCQs is a recognised assessment tool in e-
learning, it may be considered unsuitable for use in assessing problem-solving 
calculations in science as it is uncommon to grant partial credit when using it (Engelbrecht 
& Harding, 2004:217-231). The post assessment feedback that students receive on 
MCQs can therefore only indicate if an answer is correct or incorrect, and the assessment 
resultantly has little formative value (Siddiqui, Bhayser, Bayser & Bose, 2016:114-121). 
When IFF is incorporated into the process of answering MCQs, this can, however, have 
a formative function. Guessing will always be part of the use of MCQs, but it may be used 
less if IFF during the assessment process and the granting of partial credit are included 
in the design. Students get assistance with the solving of the problems, and they can earn 
partial marks for the correct answer even if it is their second or third choice after correcting 
their mistakes. 
The purpose of this study was to determine whether online MCQs with IFF and the 
granting of partial credit during the assessment process, utilised in assessing problem-
solving calculations, will result in equal or better student performance in comparison with 
online MCQs without IFF or in comparison with CRQs.  
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1.4 RESEARCH QUESTIONS AND SUB-QUESTIONS 
The research question formulated to address the above-stated purpose of this study is:  
Can online multiple-choice questions, designed to provide immediate formative 
feedback with the granting of partial credit, be used as an effective alternative for 
constructed written questions in the assessment of problem-solving calculations 
for Engineering Science students? 
The research sub-questions 
The following sub-questions were formulated to answer the main  research question: 
 When setting online MCQs, how can an assessor determine which distractors 
would anticipate the mistakes that students could make so that formative feedback 
can be built in to indicate to them what they did wrong and how to correct it? 
 Can online MCQs without IFF replace CRQs in fairly assessing students’ ability to 
do problem-solving calculations in science? 
 Are online MCQs with IFF, and the granting of partial credit, more reliable and 
fair than MCQs without IFF in assessing students’ ability to do problem-solving 
calculations in science? 
 Can online MCQs with IFF and the granting of partial credit be used to assess 
problem-solving calculations as a fair and valid alternative to CRQs?  
1.5 THE AIM AND OBJECTIVES OF THIS STUDY 
The aim of this study was to contribute to the current pool of knowledge regarding the use 
of online MCQs to assess problem-solving calculations with IFF and the granting of partial 
credit. 
Specific objectives 
The following objectives were formulated to assist with the achievement of this study’s 
aim, namely, to:  
 Determine the general mistakes that students make when completing constructed 
written questions in the assessment of problem-solving calculations. The common 
mistakes made by students need to be identified and used as distractors in the 
7 
 
design of the online MCQs, and in designing relevant formative feedback for each 
MCQ.  
 Determine the effectiveness of using online MCQs without IFF compared to the 
use of CRQs in the assessment of problem-solving calculations. 
 Investigate the level of reliability of online MCQs with IFF and the granting of partial 
credit compared to the reliability of online MCQs without IFF. 
 Determine the effectiveness of using online MCQs with IFF and the granting of 
partial credit compared to the use of CRQs. 
1.6 RESEARCH DESIGN 
Bless, Higon-Smith and Kagee (2007:71) describe a research design as the description 
of acceptable processes to be achieved in order to test comprehensive hypotheses under 
specified circumstances. A research design is the strategy of how to define the nature of 
the relationship between the different variables (Bless & Higon-Smith, 1995:46). The 
researcher decided to use a quantitative design because it was determined that an 
experiment was needed to find the answers to the sub-questions, and therefore the 
research question. A research method involves data collection and analysis methods and 
the interpretation of data. Purposive convenience sampling was used to select an 
experimental group and the statistical data was obtained from the experiment (Chadwick, 
et al., 1984). This will be discussed in more detail in Chapter 3. 
1.6.1 Research paradigm 
This research was approached from a positivist point of view as it was based on 
measurements from an experiment, which were used to test the hypotheses.   
1.6.2 Research approach 
A quantitative research approach was followed in this study. It was determined that an 
experiment would be needed to obtain the data to answer the research question regarding 
the comparison of the effectiveness of different types of assessment.  
1.6.3 Research type 
Pre-experimental research was used to investigate the effectiveness of MCQs with IFF 
and the granting of partial credit in comparison to other types of assessment. This was 
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the case as pre- and post-tests were needed to determine the effectiveness of each type 
of assessment.  
1.6.4 Research methods 
Research methods explain the ways in which the research was undertaken and includes 
the sampling process and the way the data are collected, analysed and interpreted for the 
purpose of this study.    
1.6.4.1 Sampling 
The Engineering and Built Environment extended course at TUT was used as the 
population of interest in this research. The course comprises 160 first-year students, 
none of whom met the academic requirements to enrol for the equivalent diploma 
course. The students were randomly assigned to one of four groups, which consisted 
of 40 students each. Purposeful convenience sampling was used to select one of the 
four groups as the researcher had to have access to the group of students who would 
be involved in the experiment. This specific group of 40 students furthermore agreed 
to take part in the voluntary experiment for which they did not receive any credit. This 
then represented the experimental group. 
1.6.4.2 Data collection 
A baseline assessment was performed to identify the common mistakes made by the 
students when doing problem-solving calculations. This was done previously to use the 
common errors to design the distractors for the online MCQs. This meant that IFF could 
be built in to help students to correct their answers when they chose the wrong distractor. 
This baseline assessment was solely done to identify common mistakes.  
As part of the experiment, a CRQ-assessment (pre-test) was carried out in a familiar 
venue during normal lecturing times to make the circumstances as natural as possible for 
students. Four calculation questions on the topic of Work and Energy, as required in the 
syllabus, were given to the 40 Engineering Science first-year students to complete in a 
90-minute period. According to the ethical clearance requirements, Brenda Ngoma 
fulfilled the role of an independent assistant during the assessments (see Appendix A for 
the consent form).  
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She gave every student a random number between 700M and 790M, which served as a 
confidential password to access the online MCQ-assessments.  
The data instrument used in this study was one experiment consisting of the following 
three assessments. The students from the experimental group answered the questions 
for the pre-test in writing on a paper with a carbon copy paper attached (Assessment 1). 
The original paper was handed in for marking by the examiner with partial credit given, 
and the students used the duplicate as reference when completing tests M and N (first 
and second post-tests). The students completed test M (post-test 1), consisting of the 
same set of questions as in the pre-test but now in an online MCQ-format without IFF 
(Assessment 2). They then completed test N (post-test 2), which was done online and 
was designed by adding IFF and the granting of partial credit to test M (Assessment 3). 
This was required to allow the students who chose the incorrect alternative to make further 
choices after applying the corrective feedback that they received after making the wrong 
choice.  
A special program was written for the purpose of carrying out the experiment from which 
the data were collected. The independent variable - the problem-solving calculations 
(CRQs) – was manipulated by the researcher, while the dependent variables – online 
MCQs with IFF and the granting of partial credit, and online MCQs without IFF– was 
measured at the end of the experiment (Maree & Pietersen, 2011:147). The use of online 
MCQs with IFF and the granting of partial credit were chosen to determine if this was an 
effective alternative to CRQ problem-solving calculations. 
Figure 1.1 is a presentation of how the experiment and its associated pre- and post-tests 
were set up. The CRQs are presented as the pre-test. The post-test 1 is then the online 
MCQs with the same questions. The common mistakes from the baseline assessment 
were then given as distractors. Post-test 2 then assessed online MCQs where immediate 
feedback was given. 
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Figure 1.1: Graphical presentation of the research process 
2. Design multiple-choice 
alternatives to represent 
one correct answer and 
four incorrect answers that 
represent common 
mistakes for an online 
MCQ-assessment. 
Pre-test: 
CRQs 
First post-test: 
Online MCQs without 
IFF 
Second post-test: 
Online MCQs with IFF 
and the granting of 
partial credit 
3. Add IFF to each 
multiple-choice alternative, 
make it possible to choose 
a different answer after 
making use of the 
feedback and built in partial 
credit. 
1. Baseline assessment to 
determine what common mistakes 
are made. 
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1.6.4.3 Data analysis 
The following three hypotheses were postulated to be tested: 
First hypothesis 
H0: There is no significant difference between the average mark for CRQs and online 
MCQs without IFF.  
H1: The average of CRQs is significantly higher than the average of online MCQs without 
IFF. 
Second hypothesis 
H0: There is no significant difference between the average for online MCQs with IFF and 
the granting of partial credit and online MCQs without IFF.  
H1: The average of online MCQs with IFF and the granting of partial credit are significantly 
higher than the average of online MCQs without IFF. 
Third Hypothesis 
H0: There is no significant difference between the average for CRQs and online MCQs 
with IFF and the granting of partial credit.  
H1: The average of CRQs is significantly different to that of online MCQs with IFF and the 
granting of partial credit. 
The dependent two-sample t-test was used to decide if the null hypothesis should be 
rejected or not. This test was used because the average marks obtained by the 
experimental group for the same set of questions, which were assessed in two different 
ways, were compared. Finally, a conclusion must be reached that tests the acceptability 
of the state of the hypotheses (Maree & Pietersen, 2011:203) (see Section 4.4). 
1.7 TRUSTWORTHINESS 
Lincoln and Guba (1985) refer to the term trustworthiness as the way in which a 
researcher is able to proclaim his/her findings to be meaningful and that the research is 
of a high standard. 
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1.7.1 Validity 
Validity means that a quantity or instrument measures what it is supposed to measure 
(Maree and Pietersen, 2011:147). The way to measure validity depends on the ability of 
a number of professionals to obtain the same answer for a specific problem (Haladyna, 
2011:183-202).  
Internal validity 
Internal validity refers to the factors that might have an influence on the relationship 
between the dependent and independent variables. All three assessments were done on 
the same questions, and it was impossible for anyone to get the questions from somebody 
else. This implies that no external communication could influence the students’ marks. 
Therefore, no student could be positively or negatively influenced. The students were not 
forced to take part in this research. An independent assistant was present to observe that 
all assessment requirements of the university were met. This study could therefore be 
considered to be internally valid. 
External validity 
The external validity in this research was ensured by the following: 
The researcher could not favour any individual student. All students of the specific group 
were part of the sample group, irrespective of their characteristics or level of knowledge. 
In this study, the difficulty levels of the chosen questions were selected carefully. 
Unfortunately, it was not possible to make provision for every calculation mistake that a 
student could possibly make, but provision could be made for the the most common 
mistakes that students could make because of a lack of subject knowledge or 
misunderstanding. This research tested a specific part of the science syllabus.  
1.7.2 Reliability 
Reliability measures how the results will fluctuate when an identical test is repeated 
(Williams, 2006:283; Palmquist, 2016:1). It therefore has to do with the stability of, or to 
what extent the instrument is repeatable (Maree & Pietersen, 2011:215). 
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The software program, written for the purpose of this study, can be used for other groups 
and for other problem-solving calculations, even those in mathematics. This meets the 
requirement for repeatability of the instrument. 
1.7.3 Objectivity 
The marking of online MCQs cannot be influenced by subjectivity. The more questions 
there are in a MCQ-assessment, the more reliable the results would be. The current study 
could have been more accurate if more questions with different levels of difficulty could 
have been used. The variables are, however, objectively measured and the researcher 
remained distanced from the students to draw unbiased conclusions.  
1.7.4 Ethical considerations 
Professional bodies, whose members are involved in research, have created codes and 
ethics that researchers must respect (Babbie, 2007:27-71). The anonymous information 
that was used for the research purposes are not of any academic, study or disciplinary 
value. The data will be stored for five years as hard copies in a locked cupboard and soft 
copies will be stored on a computer with password protection. 
See Appendix A for the informed consent that all 40 of the participating students signed. 
There was no pressure on any student to take part in this study. In effect, they could 
change their minds during any stage of this study without any consequences. Ethical 
clearance for the research was granted by both TUT and UNISA (see Appendix B). 
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1.8 CHAPTER DIVISION 
This dissertation is comprised of five chapters, which are briefly described below: 
Chapter 1  
The overview and orientation in this chapter provides a brief summary of this study, 
including a brief discussion of this study’s rationale, the literature study, and an overview 
of the research design and procedures.  
Chapter 2  
The theoretical framework guiding this study is presented. In this chapter, the key 
constructs are further discussed and unpacked.  
Chapter 3  
The research design is motivated and explained in this chapter. 
Chapter 4 
The data analysis and interpretation thereof are presented and the results from the 
statistical analysis and the findings are discussed.  
Chapter 5  
This study is summarised and conclusions and recommendations are presented. 
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1.9 SUMMARY 
In this chapter, an overview was given of the research on online formative assessment 
with feedback and the granting of partial credit for online MCQs to assess problem-solving 
calculations in science. Currently, students’ knowledge of science is traditionally 
assessed by means of constructed written questions (CRQs) in the assessment of 
problem-solving calculations.  
By involving intelligent e-learning systems, and allowing students in higher education to 
make use of online assessments, e-learning can be made accessible with increasing 
convenience and efficiency. The MCQ-assessment method is popular for online 
assessment. The current challenge is that MCQs are commonly used only to assess 
theoretical knowledge, whereas there is a need to assess problem-solving calculations 
as well. A gap in knowledge was thus identified and it was decided to carry out research 
to determine how MCQs can be designed to effectively assess higher cognitive levels, 
specifically in assessing problem-solving questions. 
The research design was discussed, research methods were explained and a chapter 
division was presented.   
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: LITERATURE REVIEW 
2.1 INTRODUCTION 
In this chapter, a review of the relevant literature on the topic under study is undertaken. 
The chapter starts with the literature relevant to the contextual and conceptual framework 
of this study, and ends with a theoretical framework derived from the overview of the 
literature.  
2.1.1 Definition of terms  
The definitions of the terms used in this study are given below: 
Assessment component taxonomy is a method that was developed to identify 
alternative assessment methods like online MCQs. 
Blackboard system is a computer-generated forum where students and lecturers 
communicate. This is especially used by universities as a platform for educational 
events, and as management for course activities (Heirdsfield, 2011:1-16). 
Constructed Written Questions, also called Constructed Response Questions 
(CRQs) are questions where students are required to create their own answers instead 
of choosing the correct one from a list of pre-setup alternatives (Kuechler & Simkin, 
2003:389).  
Feedback interventions (FIs) are among the most widely functional psychological 
interventions where students are given information regarding their task performance. 
Formative assessment intends to promote students’ learning by giving valuable 
supportive feedback on their performance and suggestions to better their 
performance. It refers to assessment for learning (Stiggins, 2002:758-767; Black & 
Wiliam, 2003:623-637).  
Black and Wiliam (1998:7-74) and Toplis (2015:267) describe, in broader terms, that any 
feedback that can be used to modify teaching or learning processes should be seen as 
formative assessment. 
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Immediate feedback is when feedback is given directly as the questions are 
answered (e.g. when an answer is chosen when doing online MCQs) rather than doing 
it at a later stage. It helps to focus attention on common student mistakes and how 
these can be corrected (Higgins & Tatham, 2003:1-11). 
Immediate formative assessment techniques (IFAT) is a technique where an 
IFAT® form is used to scratch the correct MCQ-option. IFAT® form is a paper that is 
covered with a thin opaque film. The correct answer is indicated by a star or a blank 
for an incorrect answer. If it is incorrect, another opportunity is given. Partial credit will 
then be given if the correct answer is chosen (Maier, Wolf & Rander, 2016:85-98). 
Item Response Theory (IRT) is a theory where a mathematical function is used to give 
the probability that a student with a specific ability will answer a question correctly. 
Moodle stands for ‘Modular Object-Oriented Dynamic Learning Environment’ and is 
an online-system used to manage a course (Brandl, 2005:16-23). 
Multiple-Choice Questions (MCQs) consists of a problem with a few possible 
answers (alternatives). The problem is called the stem, and the incorrect possibilities 
are called distractors. There is a correct choice, which represents the correct answer 
to the question (Brame, 2014).  
Problem-solving calculations represent a mathematical method of solving word 
problems. 
Respondus is a tool used to create exams that can be printed or published to the 
Blackboard platform (Poutre, Hedlund & Nau, 2015). 
2.2 CONTEXTUAL AND CONCEPTUAL FRAMEWORK 
A conceptual framework is an analytical tool or an organising image of the phenomenon 
to be investigated. “It determines which questions are to be answered by the research 
and how empirical procedures are to be used as tools in finding answers to these 
questions” (De Vos, Strydom, 2011:35). Assessment and MCQs as a form of formative 
assessment are discussed. 
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2.2.1 Assessment 
Assessment is considered to be the most important driving factor of student learning 
because students usually focus on the material to be assessed (Htwe, Ismail & Low 
2014:502). Although students need to be graded through assessment, they must also be 
encouraged to learn from it (Gretton & Challis,1999).  
Assessment can be of a summative or formative nature (Black & Wiliam, 2003:623-637). 
Summative assessment is described as the assessment of learning while formative 
assessment refers to assessment for learning (Stiggins, 2002:758-767; Black & Wiliam, 
2003:623-637). The intention behind the assessment determines the assessment 
method. Assessment of learning is more appropriate if the intention is to grade students 
for a test. However, if the intention is to improve teaching, then assessment for learning 
is more suitable (Wiliam, 2006:283-289). This study explored the formative nature of 
assessment. Two of the types of formative assessment are CRQs and MCQs (Gogri et 
al., 2013:89-93). MCQs are considered in more detail due to the nature of this study.  
In order for an assessment activity to enhance learning, it needs to provide information 
that lecturers and their students can use. This information is not only used to assess 
themselves and one another, but to provide feedback to improve both teaching and 
learning activities. Assessment is only considered formative once the feedback is used to 
adjust teaching to satisfy learning needs (Wiliam, 2014). 
In their study, Engelbrecht and Harding (2004:217-231) found that students have a 
greater interest in the summative component of assessment. They argue that a student 
benefits effectively from formative assessment only if he/she makes mistakes. Formative 
assessment does not provide additional information to a student with full marks. The 
feedback given to well-performing students leads mostly to peace of mind and increased 
confidence. Therefore, the true value of formative assessment is only visible to a student 
when he/she loses marks in a test and gets feedback on how to improve this result 
(Engelbrecht & Harding, 2004:217-231). This is of significant value for this study because 
feedback could make the difference for a student who has lost marks. Feedback will then 
help to improve their marks via IFF and the granting of partial credit. 
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2.2.1.1  Formative assessment 
Scriven (1967:41) was the first to describe an evaluation process that has “a role in the 
on-going improvement of the curriculum”, as being formative. Shute (2008) describes 
formative assessment as information that is presented to the student for the purpose of 
improving learning by changing his/her thinking pattern or behaviour. 
Black and Wiliam (2004:20-50) did pioneer work with regard to formative assessment. 
They view assessment that is designed and used to predominately improve student 
learning as assessment for learning. They state that formative assessment differs from 
assessment where accountability is the main focus. The assessment becomes formative 
when the information is applied to improve teaching and learning (Black, Harrison, Lee, 
Marshall & William, 2004:8-21). Black and Wiliam later rephrased their initial definition of 
formative assessment.  
They proposed that: 
An assessment functions formatively to the extent that evidence about student 
achievement is elicited, interpreted, and used by teachers, learners, or their peers, to make 
decisions about the next steps in instruction that are likely to be better, or better founded, 
than the decisions they would have taken in the absence of the evidence that was elicited 
(Wiliam, 2014:10). 
When lecturers know what their students have achieved after each chapter or section 
of the work, it allows them to determine if the students are at the level that they are 
supposed to be. This enables them to equip students with knowledge that they might 
still need (Buchanan, 2000:193-200; Coyne, 2015:24-26). Social constructivists describe 
the concept of a zone of proximal development as the difference between the current and 
the potential level of understanding that a student can accomplish with the lecturer’s 
guidance (Vygotsky, 1978).   
It takes a positive culture of assessment to be able to improve learning for both lecturers 
and their students. This culture requires development over a period of time with the 
commitment of leadership for lecturers and students. These parties must work together 
in developing goals, setting assessment criteria, and providing manual feedback that is 
useful for both parties (Wiliam, 2014). In this study, it is proposed that lecturers must 
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work together to set up a proper database for common mistakes that students may 
possibly make. These can then be used as distractors and accordingly used for 
feedback. Formative assessment appears to be an increasing trend in education 
research and practice, while researchers such as Black, Wiliam and Heritage (2004:8-21) 
continue to advance its theoretical framework. Black and Wiliam (1998:7-74) support the 
positive impact of formative assessment on a student’s learning at a diversity of cognitive 
levels.  
In this research, the impact of immediate formative assessment may be of significant 
value to a student’s learning at different cognitive levels. 
2.2.1.2 Formative assessment with feedback 
Toplis (2015:267) considers any feedback that can be used to modify the teaching or 
learning processes as formative in nature. There are, however, certain criteria that 
formative assessment needs to adhere to for it to be useful (Brosvic, Epstein & Cook, 
2006:205-218). Students need to have enough time left to incorporate the feedback into 
their learning process. William (2011:3-14) states that merely telling students that they 
need to improve is also not useful. Valuable feedback focuses on student learning and 
what they need to improve on and how they should do this. 
Boud (2000:151-167) and Boud and Soler (2016:400-413) argue that the 
effectiveness of feedback can only be measured when students are allowed to apply 
the given feedback to repeat the same assignment. Feedback, therefore, has been 
accepted to be an effective tool for student learning (Mory, 2003:745-783; Hattie & 
Timperley, 2007:81-112; Shute, 2008:153-189). Hattie and Timperley (2007:81-112) 
also address the positive influence of feedback on learning and constructed a model of 
feedback to enhance learning. Four types of feedback, together with factors illustrating 
their efficiency, are identified in this model. The first type indicates if the answer is 
correct or incorrect. Secondly the feedback process explains the processes of the task. 
Self-regulation feedback that can help students with plans to improve their own work is 
stated to be the third type and self –feedback is considered to be the fourth type of 
feedback. 
Their research revealed that students may even benefit from self-feedback by increased 
commitment, determination and self-confidence (Hattie & Timperley, 2007:81-112). Task 
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specific feedback is, however, the most popular type of feedback used in the classroom 
(Black & Wiliam, 1998:7-74; Hattie & Timperley, 2007:81-112). 
Hyland and Booth (2000:234) state that formative feedback has the potential to change 
each question into an instrument for further development. Hattie (1987:197-212) concurs 
and adds that feedback is the most dominant single-influence on student learning. Black 
and Wiliam (1998:7-74) confirm that formative assessment has a significantly positive 
influence on students’ learning, motivation and success. In this study, the statement that 
formative feedback may change each question into an instrument for further learning is 
of significance because the proposed assessment method could provide feedback to 
improve students’ knowledge. 
Hattie (1987:197-212) indicates three conditions that should be met for formative 
assessment to support the learning process. It firstly needs to determine what the current 
position of the student is. It should, secondly, convey to the learner what is needed in 
order to be successful. Thirdly, learners require guidelines on how they can improve. 
In this study, the current position of the student is determined after the first attempt to 
answer a MCQ. The immediate feedback given will guide the student towards the correct 
answer. The students can then learn from their mistakes to improve their knowledge. 
Wiliam and Thompson (2007:53-82) identify five ways in which formative assessment 
can be successful. It can describe and share learning purposes and principles for 
success. It can initiate efficient discussions and several learning tasks in the classroom to 
help students to understand the work properly. Formative assessment can provide 
feedback to improve students’ learning. It motivates students to assist each other, and 
stimulates them to take responsibility for their own learning. Lastly, the data from the 
assessment can be used to determine student performance and identify what part of 
the curriculum needs attention if the mistakes are common to a group (Maier et al., 
2016:85-98).  
Nicol and Macfarlane-Dick (2005) identify the principles of good feedback as follows: it 
can explain expected standards, aims and criteria as good performance. The progress of 
thinking and self-learning is assisted. Feedback gives high quality evidence of the 
student’s learning. It inspires discussion about the assessment amongst lecturers and 
peers. Helpful motivational principles and self-confidence are encouraged. Feedback 
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offers chances to close the gap between present and anticipated presentations. It gives 
information to lecturers that can help to form their teaching. Moreover, not only is the 
extent of feedback important, but also the timing of when this feedback is presented 
(Toplis, 2015:158). 
Therefore, the provision of feedback is significantly important in supporting learning 
(Gipps & Simpson, 2005:3-31) as it is also proposed in this study that immediate feedback 
should be used to assist students to find the correct solution. 
2.2.1.3 Formative assessment with immediate feedback 
An important variable of feedback is timing (Hattie & Timperley, 2007:81-112). These 
authors explain that the timing of feedback is related to the content. In their opinion, 
immediate feedback is most effective when a common error is immediately corrected. 
Shute (2008:153-189) maintains that high achievers benefit the most from delayed 
feedback and lower achievers from immediate feedback. In contrast, Brosvic et al. 
(2006:205-218) note that the sooner feedback is given, the more students can benefit 
from it. Toplis (2015:267) agrees that immediate feedback is more effective in learning 
than delayed feedback.  
Gogri et al. (2013:89-93) state that feedback reflects the problem areas of students’ 
knowledge and the need for improvement of their learning. Immediate feedback gives 
information to show students what they did wrong and how to reach their learning goals. 
Gogri et al. (2013:89-93) explicate that students understand and remember the feedback 
the best when it is immediately given. Almost 79% of the students who participated in their 
study agreed that feedback must be given immediately because each phase of the 
learning process builds up from the previous phase. If no feedback is given, the next 
phase may be built on misconceptions. Taking this statement into consideration, the 
current study proposes that the use of IFF and the giving of partial credit can help prevent 
misconceptions. 
2.2.1.4 Formative assessment with immediate online feedback  
Formative assessment can be presented in different ways. Online assessment is 
becoming a leading medium of assessment, probably because the flexible nature of 
online assessments could be beneficial to students (Morton, Xu & Joplin, 2012:806). 
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Online assessments are flexible since students can undertake the assessment in their 
own time, easily repeat it, and receive feedback on their performance immediately 
(Buchanan, 2000:193-200).  
The movement in favour of the need to give immediate feedback raises the question of 
how universities will present feedback in a resource-efficient manner (Gogri et al., 
201389-93).  Lopez-Pastor, Pintor, Muros and Webb (2012:163-180) confirm that to move 
from the traditional way of assessment toward online assessment will initially be time-
consuming until a database of questions is set up. Thereafter it will be time-efficient. 
Gibbs and Simpson (2005:3-31) confirm that the frequency of feedback and its 
immediacy, made possible by online MCQs, contributes to the overall quality of learning 
and therefore has a direct impact on student performance. A number of researchers agree 
that immediate formative online feedback has a positive impact on students’ inspiration 
and commitment (De Lange, Suwardy & Mavondo, 2003:1-14). Shute (2008:153-189) 
goes even further to say that it is best to give feedback not only immediately after the 
assessment procedure, but during it. This finding is of the utmost significance in this 
current study as it is proposed that immediate feedback given during the answering of a 
specific online multiple-choice assessment question does not only tell a student that an 
answer is wrong, but indicates what mistake was made and what can be done to correct 
the mistake. Most important of all - it provides an opportunity for the student to immediately 
make use of this information to find the correct answer, thereby also allowing the assessor 
to allocate partial credit for the corrected answer. 
2.2.2 Methods of formative assessment 
Formative assessment can take on many different forms. MCQs and CRQs are 
classified as two of the methods of formative assessment (Gogri et al., 2013:89-93).   
The methods of MCQs can be classified as follows: 
 True/False-type assessments, which are relatively easy to formulate. 
Unfortunately, students have a 50% change to guess right and these can therefore 
not be used to test knowledge properly.  
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 The student needs to state how many of the possible five answers are correct. 
This suggests that there can be more than one correct answer. In this way, a 
student can be penalised although he/she has 80% of the knowledge. 
 Match column A with column B. The probability of guessing is less, but for the 
examiner there is more than one possible correct answer to be checked.  
 Elimination is also an option to use where guessing plays a lesser role.  
 The type of MCQ that is most often used is to choose the correct answer out of 
five possible alternatives (Benvenuti & Cohen 2008:21; Gogri et al., 2013:89-93). 
The opposite of MCQs is described as constructed written questions (CRQs). CRQs 
mean that students are required to create their own answers instead of choosing the 
correct one from a list of pre-set-up alternatives (Kuechler & Simkin, 2003:389). They 
define oral examinations, answers in short exercises, essays and self-tests to be different 
methods of CRQs. 
Question papers can consist of MCQs and CRQs. It cannot be fair to use only the results 
of the MCQ section or only the results of the CRQ section of the paper as it may give the 
wrong indication of the student’s knowledge (Webb, 1989:216-218). Jonanovic and 
Aburaghiem (2006:233-252) proved that MCQs can test knowledge remembrance, but a 
balanced paper should include MCQs and CRQs to create a multiple strategy 
assessment. Siddiqui et al. (2016:114-121) agrees that MCQs can be combined with 
CRQs when setting a paper to provide a more reliable assessment. Lukhele, Thissen and 
Wainer (1994:234-250) studied assessments that included both MCQs and CRQs and 
found that a single essay gives the same amount of information as four to eight MCQs. 
Testing 16 MCQs in 75 minutes was as reliable as a three-hour CRQ-assessment.  
Engelbrecht and Harding (2003:57-65) find that MCQs can effectively be used to 
assess students’ achievement of mathematical insight and knowledge: 
 MCQs and CRQs can both be used successfully to assess undergraduate 
mathematics. 
 They decided to make use of MCQs and CRQs in exam papers where partial credit 
would be given for correct aspects of an answer although the final answer might 
be wrong. This is perceived to be one of the serious shortcomings in online 
assessment (which this study has challenged). 
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 Although short answer questions are the only CRQs that can be used online, all 
different formats of MCQs are useful in online courses. 
 Another finding from their study was that students performed better in paper-based 
CRQs3 than in online CRQs4 due to: 
o The absence of partial credit in online CRQs. 
o The fact that the fear factor associated with the assessment of paper CRQs 
may cause anxiety in written exam conditions. 
o Students are not forced to write down the logical steps when solving the 
problem using online CRQs. This leads to an unnecessary loss of marks. 
Finally Engelbrecht and Harding (2003:57-65), concluded that students perform better 
in paper CRQs than in online CRQs, and better in online MCQs than in online CRQs. 
The outcome of a study done by Engelbrecht and Harding (2003) where the use of 
MCQs with IFF and the granting of partial credit was explored and found that MCQs 
were an advantage, is of great significance to this study.  
Hift (2014:249) suggests that careful consideration is necessary before CRQs can be 
entirely replaced by MCQs. He insists that although MCQs are being used, we clearly 
do not understand the cognitive design of them that well. MCQs as an assessment 
format performs excellently for knowledge-based and theoretical questions in contrast 
with CRQs. If MCQs are well-constructed and rich in context, they can be valid and 
capable of assessing higher order cognitive skills (Huntley et al., 2010:141-171). 
Kastner and Stangl (2011:263-273) add that CRQs can be better assessed compared 
to MCQs with multiple correct responses, which is where more than one alternative 
can be correct and no negative marking is used. Siddiqui et al. (2016:114-121) indicate 
that the challenges in setting up proper distractors can be solved by using multiple 
correct responses. 
Engelbrecht and Harding (2003:57-65) found that when MCQs are used, students 
memorise only bits of information. They are therefore not encouraged to understand 
the topic overall. Huntley, Engelbrecht and Harding (2011:3-16) propose the 
                                            
3 Paper CRQs refer to when an assessment is done in the traditional way, on paper, where the lecturer 
marks it with partial credit given. 
4 Online CRQs are when an assessment is done on the computer without any possibility of choosing the 
correct option, like using MCQs without partial credit. 
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assessment component taxonomy, which is part of the theoretical background of this 
study (Section 2.3.2). Beyond expectation, one of the findings was that MCQs were a 
slightly better option than CRQs in the problem-solving component as an assessment 
method. For the problem-solving component, a mathematical method to solve word 
problems is essential. The way in which Huntley et al. (2011:3-16) approached the 
problem-solving questions was to divide these into sub-questions concerning different 
cognitive skills. Marks were then allocated step-by-step to guide the students to the 
correct answer. This study proposes to guide the student step-by-step towards the 
answer, but the challenge is to use MCQs with IFF and with the granting of partial 
credit, and not to divide the problem-solving calculation into sub-questions. Huntley et 
al. (2011:3-16) reveal that special skills are required, especially when MCQs are 
designed for logical and consolidation assessment components. They recommend 
that assessments must therefore include both MCQs and CRQs to balance a paper. 
This indicates that MCQs can be used to test cognitive skills at higher cognitive levels 
too (Williams, 2006:283-289; Haladyna, 2011).  
2.2.3 Multiple-choice questions 
A multiple-choice item consists of a problem with alternative answers. The problem is 
referred to as the stem, while the alternatives exist of the correct answer and the 
distractors (Brame, 2014). MCQs have been successfully used as a form of 
assessment for more than 100 years (Nazeem, Vinayak, Bhayser & Sukhwant, 
2016:114-121). MCQs are increasingly used as a supplement or even a replacement 
for other assessments (Nicol & Dick, 2007:199-218) and can be very useful for 
students who need to self-study. Often, students have to study out of class and take 
responsibility for their own learning due to limited contact time in class. However, it still 
remains a challenge for staff to motivate students to work on their own consistently 
(Einig, 2013:847-848). Using regular online MCQ-assessments may contribute to 
alleviating this challenge. 
It is quite popular for assessors to use MCQs in at least one portion of a paper, 
especially with large groups (Rollnick, Brenner & Moletsane, 2010:51-65). It might be 
more accurate to use MCQs in testing higher cognitive skills if challenges like guessing 
and issues with the marking scheme are addressed (Nazeem et al., 2016:114-121). 
Researchers agree that MCQs are useful for the memorisation of questions and the 
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recollection of factual knowledge. According to these authors, MCQs to assess higher 
cognitive levels are unfortunately not yet proven to be reliable and fair (Chiheb, Faizi 
& Afia, 2011:69-72; Ventouras, Triantis, Tsiakas & Stergiopoulos, 2011:616-624; 
Wiliam, Lee, Harrison & Black, 2010:49-65). These are challenges that are addressed 
in this study in order to try and make a positive contribution to this field. 
In choosing one of five possible correct answers in an MCQ-assessment, students 
may be limited in their thinking. This could be the reason why students do not learn to 
organise their thoughts or create their own answers (Brame, 2014). Wiliam et al. 
(2010:49-65) argue that if MCQs are constructed poorly, insufficient attention may be 
given to the writing process, which could affect the validity and reliability of the 
assessment.  
Einig (2013:847-848), however, indicated in her study that the use of MCQs could 
be a significant form of formative assessment.  In relation to assessment at higher 
levels of Bloom’s taxonomy (see Section 2.3.1) as the theory in the framework, Alford, 
Herbert and Frangenheim (2006:176-224) suggest that expertly constructed MCQs 
could potentially empower valid and reliable understanding. The use of MCQs could 
assist lecturers with their marking load as well. Limited feedback and telling the 
students if their answer is right or wrong are options. Unfortunately, the higher 
cognitive skills suggested by Bloom cannot be reliably assessed yet (Einig, 2013:847-
848).  
The University of South Wales (2014) has the opposite view, and states that MCQ- 
assessments can be designed to test higher order cognitive skills, such as problem 
solving, creative thinking, and synthesis. This is a significant view in terms of the 
objectives of this study, namely, to design and implement reliable and fair online 
MCQ-assessments for problem-solving calculations. 
2.2.3.1 Advantages of MCQs 
Morton et al. (2012:806) reveal that online MCQ-assessments are currently a popular 
method of assessment with several benefits such as automated marking, reliable 
scores, reduced marking time, and consistency between different assessors.  
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Al-Sadi and Al Halabi (2010:176-182) indicate that MCQ-assessments are an easy 
and effective way of assessing large groups. Wiliam, Lee, Harrison and Black 
(2010:49-65), as well as Malau-Aduli, Assenheimer, Choi-Lundberg and Zimitat 
(2013:510-522) agree with this statement. Large groups of students are becoming 
more of a reality, which requires a balance between the manageability, the validity, 
and reliability of assessments. Because of lecturing staffs’ high workload, they can rely 
on MCQ-assessments with online feedback given to students to lessen their marking 
load. In a study done by Snowball (2014:823-838), he explained that group sizes 
expand more than most Universities can absorb. From studying 50 first year economic 
students, Snowball found that the majority of students agreed to replace one lecture 
per week with online resources, which improved learning. Twenty percent of the same 
group, however, preferred more lecturing and less time online. The findings further 
indicated that in-class lectures should never be neglected, although online MCQs were 
a valuable addition to improve the performance of students (Snowball, 2014:823-838).  
Wiliam (2011:3-14) extends the original theory of Bloom by stating that the 
individualisation of learning is a crucial concept of assessment that has the potential to 
improve learning. To construct MCQs to assess higher levels of cognitive skills is a 
very demanding task and needs an investment in time to set up proper questions. 
When it comes to the marking of assessments, the return of this investment is, 
however, seen.  
Pittenger and Lounsbery (2011) see student-generated MCQs as another advantage. 
To use MCQs as part of peer-assessment, students can see common errors made by 
their peers. This engages students with the content of the course and therefore 
enhances their cognitive skills.  
Marx (1998) states that the use of MCQ-assessments can be to the benefit of students 
with limitations in the use of English. Students may choose the wrong answer due to 
a lack of English reading skills when using CRQ-assessments. It could be easier to 
recognise a correct option than to write it from scratch (Wiliam et al., 2010:49-65). 
Fellenz (2004:703-719 and Bush (2006:398-404) concur, explaining that students may 
not be penalised because of English not necessarily being their first language. 
The benefits can be expressed as efficiency and objectivity in assessment. 
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Efficiency 
The efficiency of online MCQ-assessments lies in their productivity and cost-
effectiveness (Hift, 2014:249). Kuechler and Simkin (2003:389) identified the most 
important advantage of MCQs, which also relate to this study. This saves time and 
can be done by huge numbers of students. When MCQs are done online, cheating 
can be controlled by randomising the questions. Einig (2013”847-848) finds that almost 
all students can use MCQs in their learning. Statistical investigation shows a significant 
relationship between the use of MCQs and learner performance (Einig, 2013:847-848). 
Al-Sadi et al. (2010:176-182) state that giving immediate feedback to online MCQs is 
effective, while Siddiqui et al. (2016:114-121) add that such feedback creates an 
opportunity for self-assessment. Kutluay (2005) explains the efficiency of online MCQs 
to be administrated easily because students can see their marks immediately after 
answering the questions. Online MCQs take less time to complete, therefore more of 
the syllabus can be assessed in the same time as CRQs with less questions. MCQs 
can therefore test a wider spectrum of the curriculum (Siddiqui et al., 2016:114-121). 
Pittenger and Lounsbery (2011) indicate that student-generated MCQs can effectively 
be used as assessments and therefore MCQs can be an integral part of teaching and 
learning.  
CRQs normally take much more time to complete and the marking of the scripts can 
also be very time-consuming. CRQ-assessments require four to 40 times as long to 
manage as MCQs, and with the same reliability (Wainer & Thissen, 1993:103-118). 
Lukele, Wainer and Thissen (1994:234-250) report that the cost of marking CRQs was 
300 times that of marking MCQs. Benvenuti (2010:1) showed that if MCQs are 
carefully designed and well-structured, misconceptions can be eliminated, higher 
levels of cognitive skills can be assessed and there can be discernment between 
strong and weak performing students. This is a significant finding in terms of this study 
as it is a long-standing critique that MCQ-assessments can only be used for assessing 
lower cognitive levels such as the recall of knowledge.  
Objectivity 
Schuwirth and Van Der Vleuten (2004:974-979) state that MCQs are objective and 
reduce the potential partiality of the examiner. Higgins and Tatham (2003:1-11) agree 
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that there is no subjectivity from the assessors when marking MCQs, which makes 
MCQs fair assessments (Nazeem et al., 2016:114-121). 
Siddiqui et al. (2016:114-121) state that MCQs are easy to grade but that assessors 
must ensure valid and reliable results by designing questions that are fair and of high 
quality. In mass lecturing, the greatest advantage of MCQ-assessments is that they 
are marked by a computer (Einig, 2013:847-848). MCQs can therefore be set up in a 
database that can be used multiple times (Al-Sadi et al., 2010:176-182). A database 
of MCQs can be very useful to support student learning as students can access a 
database of questions for revision purposes and redo them until they understand the 
work. Hift (2014:249) expresses that although the set-up of MCQs at first is very 
timeous, time will be saved in the long run when a proper database is set up by 
different participating lecturers. A platform like Blackboard can be used to build and 
expand a database that can be utilised repeatedly by lecturers and students. 
Hughes and Quinn (2013) mention another objective advantage of MCQ-
assessments, namely, that assessment can take place without the need to decode 
handwriting of students.  
As seen in this section, there are many advantages of using MCQs. The literature 
indicates that MCQs are more effective when using them online and when lecturing 
large groups. The use of MCQs can reduce the partiality of assessors because it can 
be marked by computer. Although there are many advantages, there are also 
disadvantages that should be taken into take into consideration. 
2.2.3.2 Disadvantages of MCQs 
Wenning and Vieyra (2015) emphasise that it is not easy to set up proper MCQs. 
Distractors must be chosen with great care and standard questions must be avoided. 
This links to low item difficulty and other disadvantages like guessing, structure, and 
language issues regarding MCQs. 
Guessing and negative marking 
Guessing what the correct answer is when completing MCQ-assessments has been 
a concern since their inception. The theory of the three parameter logistic Item 
Response Theory Model (IRT) is used in this study (see Section 2.3.3). This is a 
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model, as part of the theoretical framework that challenges the reaction of a student to 
a question topic (Lord, Melvin, Novick & Birnbaum, 1968). A mathematical function is used 
to give the probability that a student with a specific ability will answer a question correctly. 
Hambleton, Swaminathan, and Rogers (1991) proved that the guessing of correct 
answers may be unfair to well-performing students who could score low marks, and 
poorer-performing students, who could score high marks because of the randomness 
of guessing. In an effort to overcome the guessing temptation, the two-tier test was 
developed (Maier et al., 2016:85-98). The first tier is like traditional MCQs and the 
second tier gives a set of reasons for the given answer in the first tier. This gives the 
students an opportunity to explain their answers and learn from their mistakes (Loh, 
Subramaniam & Tan, 2014:229-250). 
In their study, Gay and Thomas (1993:130-134) found that a quarter of 199 seventh- 
and eighth-grade students could not explain the reasons for their choices for the MCQ-
answer chosen. This indicates that the students simply guessed the answers. It was 
found in IRT that students make estimated guesses and do not just guess randomly 
(Barnard, 2013:172). The respondents in Dempster’s (2007:47-60) study explained to 
him a range of plans that they had when choosing an alternative given for MCQs if 
they did not know the answer. Some students would start to eliminate possible 
alternatives that they did not recognise, or simply choose the answer with the same 
term as used in the question. Others looked at the pattern of choices from previous 
questions. If the pattern was, for example, A, A, B, B, then the ‘obvious’ guess for them 
would be to choose C for the next answer.  
Engelbrecht and Harding (2003:57-65) also expressed their concern that there is a 
50% possibility for students to guess the correct answer, referring to True/False 
questions. When the pass rate is 50%, as it is at most universities, it may be possible 
that students can pass irrespective of their knowledge or lack thereof. This would differ 
if MCQs were used where several alternatives are available for students to choose. In 
standard MCQs, where one out of five options could be correct, students could receive 
a 20% (
1
5
  ×  100%) average if the answer is guessed correctly. To pass with 50%, a 
student effectively needs to know only 37.5% (
50−20 
 100−80 
 ×  100% =
30 
80
× 100%) of the 
work, which is definitely not a standard pass mark. This could be even worse if there 
were more possible distractors. Rollnick, Brenner and Moletsane (2010:51-65) agree 
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with Engelbrecht and Harding (2003:57-65) that the possibility of guessing dilutes the 
effectiveness of MCQ-assessments. Wiliam et al. (2010:49-65) are also of the opinion 
that the guessing factor may reduce the validity and reliability of the assessment. 
Higgins and Tatham (2003:1-11) have a different viewpoint of the guessing factor. 
They explain that for students to guess in MCQs is not worse than writing information 
for the sake of getting some marks in CRQs. However, this problem does not have a 
total solution yet, although possible solutions have been suggested such as to 
discourage guessing in MCQs by using negative marking, making use of more distractors, 
or raising the overall pass mark for the assessment to prevent a student passing by luck 
(Bush, 2006:398-404; Ventouras et al., 2011:616-624). Lesage, Valcke and Sabbe 
(2013:188-193) state that the selection of a correct alternative can sometimes point to 
guessing, but this temptation can be reduced by providing negative marking. 
When negative marking is used and the wrong option is chosen, a quarter of the mark 
can be subtracted if there are four possible answers (Karandikar, 2010:1042-1045). 
Harper (2003:3-8) also suggests that negative marking can be a valid alternative.  
Another option is to set different marks for more challenging questions or to give more 
alternatives for each question. Although Ali, Carr and Ruit (2016:1-14) agree, they also 
recognise the fact that it is challenging to create many suitable distractors. The use of 
negative marking is, however, not allowed at some institutions (Engelbrecht & Harding, 
2003:57-65). 
An option not suggested in the literature are online MCQ-assessments where there is 
direct and immediate formative feedback on each question as soon as a distractor is 
chosen. The students will then be allowed to choose a different answer based on the 
corrective feedback that they receive. If partial credit is given for finding the correct 
answer – although not with their first try – they are encouraged to try and find the 
correct answer without guessing. Marks are then used as encouragement rather than 
as punishment, and students can learn from the mistakes that they make. The current 
study explored this possibility. 
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Item difficulty 
According to Al-Sadi et al. (2010:176-182) the most important disadvantage of MCQs 
is that they cannot assess high level cognitive insights or skills. The opposite opinion 
is, however, expressed by Huntley et al. (2011:3-16). They maintain that it depends 
on the construction and the level of the test whether some higher cognitive levels can 
be tested, as stated in the assessment component theory from the theoretical 
framework. The nature of the questions in mathematics can be measured to ensure 
that the quality of student learning is tested at several levels. At the University of South 
Wales (2014), it is acknowledged that MCQs are currently inadequate at assessing 
creative thinking and problem-solving.  
McLachlan and Whiten (2000:788-797) find that the outcome of an MCQ-assessment 
can only be representative if the level of difficulty is exactly the same. Rather than 
testing only the difficulty, their taxonomy gives tools to measure if tasks are completed 
successfully at the correct level. 
To determine item difficulty, Kutluay (2005) explains that the ratio of students who 
answer the question correctly is the parameter that demonstrate the difficulty of the 
questions. These parameters could be from 0.00 to 1.00. If it is more than 0.50, this 
implies that most of the students answered correctly. The higher the value of the 
parameter, the easier the assessment is. Therefore, assessors must not use questions 
that are too easy or too difficult as this will compromise the reliability of the 
assessments. 
Aubrecht, Gordon and Aubrect (1983:613) explain that the average mark of an answer 
needs to be about 65%. In the case where there are five alternative answers to choose 
from, an average of 20% or even 100% shows that it is useless for assessment 
purposes. Bishop (1990:83) supports Aubrect et al. (1983:613), and states that the 
success rate of a question – the fraction of the total students whose answers were 
correct – must approximately be 60% to 70%, which indicates that a question is good. 
If the success rate is less than 50%, the question was too difficult and requires more 
time and explanation. Bishop (1990:83) further investigated the frequency distribution 
of the distractors for each question; because this could expose sections of the work, it 
needs more attention. Questions with a success rate of 20% or 30% are seen as 
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unreasonable.  
These findings may be of significant value in choosing valuable and valid distractors 
for the instrument used in this study. 
Structure and language issues 
When one MCQ-question depends on a previous MCQ, both can be wrong if the first 
is misinterpreted. If MCQs are asked unconnectedly, the structure flow of the entire 
content could easily get mixed up, according to Stiggins (2002:758-767).  
Moreover, a language issue identified by Al-Sadi et al. (2010:176-182) was that 
students’ skills in writing and analysing cannot properly be stimulated when MCQs are 
used. The selection of the correct answer from a set of alternatives does not test their 
writing skills. In an online article from the University of South Wales (2014), it was 
mentioned that creative thinking is not stimulated when MCQs are used because 
MCQs are not open-ended as CRQs are. 
The set-up of MCQs 
Nicol and Dick (2007:199-218) recognise that most MCQs provide limited feedback 
when the assessment is constructed because the alternatives are not necessarily 
considered with care when they must be chosen. Distractors had to be chosen from 
the most common mistakes that students could possibly make to assist the student. 
This is an easy way for assessors to remove random distractors that would not be of 
any help to the students (Nicol & Dick, 2007:199-218). When the distractors are 
chosen incorrectly, it can lead to bad assessment and will definitely not meet the 
required standard (Rollnick et al., 2010:51-65). This may not inspire effective learning 
at all and would therefore be classified as a disadvantage. The University of South 
Wales (2014) specifies that assessors need special skills and must be experts to be 
able to construct proper MCQs. The higher the cognitive skill to be assessed, the more 
challenging it becomes to design MCQs in the absence of a proper database.  
The disadvantages stated above can be used constructively in this study. The 
guessing problem could be addressed if IFF and the granting of partial credit were to 
be included. When a proper database is set up, the level of difficulty can be 
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standardised, as well as the choice of distractors from common mistakes that students 
normally make. 
2.2.3.3 Guidelines for developing MCQs 
Rollnick et al. (2010:51-65) have discovered that time and design skills are necessary 
to set up MCQs of a high standard. Pre-testing is also needed to ensure design 
accountability. The questions need to meet the expected cognitive standard and this 
can sometimes be challenging for academics who do not have the skill of item design. 
If academics are alert to their incompetence, they usually use existing databases 
(which may be far from ideal), while those who are unaware of their lack of ability may 
set items that do not necessarily meet the required standards, which is to the 
disadvantage of their students (Rollnick et al., 2010:51-65).  
Designing proper MCQs is complex and challenging, for instance, distractors like 
‘none of the above’ or ‘all of the above’ are inappropriate and should not be used. It is 
even more difficult for assessors whose first language is not English. The good design 
of items is considered to be even more important where MCQs are the only method of 
assessment used (although this is never good practice) (Rollnick et al., 2010:51-65).  
In the next section, guidelines to set up the stem and suitable distractors are discussed 
in detail. 
Guidelines to set up the stem 
Brame (2014) explains that an MCQ item consists of the problem with a correct 
answer, and a list of possible answers, called the distractors. Only one of the 
alternatives is the correct answer. The incorrect alternatives provided are called 
distractors. Brame (2014) provides some guidelines to set up proper MCQs. It is 
important that the stem defines a definite problem with emphasis on the outcome. 
Assessors must be careful not to give irrelevant information, which could cause a 
decrease in validity and reliability. None of the alternative options can be the same. Using 
negative statements in the stem is not good practice, especially if it is followed by a 
negative in one of the alternatives. The stem must be a question rather than a partial 
sentence to complete. If a student needs to complete a sentence, they will probably try to 
complete it with all of the possible answers, which could be time consuming. 
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Construct effective distractors 
Brame (2014) indicates that every alternative for an MCQ must be a reasonable 
possibility. Distractors must be so plausible that students who do not know their work 
properly will find it an acceptable choice to make. If any do not satisfy this criterion, they 
must rather not be included. Distractors must be set clearly and briefly with no more words 
than necessary.  
To prevent unintentional hints being given to the students, all distractors must be related 
to the content, while clues such as differences in grammar, length or structuring can also 
lead students to the correct option. If ‘all of the above’ or ‘none of the above’, are used, 
students may choose the correct answer despite having limited knowledge. Distractors 
should be presented in a logical way to avoid preference for certain options, and terms 
such as ‘all’, ‘only’ or ‘never’ should be avoided (Brame, 2014).  
Wiliam et al. (2010:49-65) add that assessors must be aware of the use of similar 
wording in the stem and the correct answer that could give clues regarding the correct 
answer. Wiliam et al. (2010:49-65) further identify that grammar and punctuation are 
as important as the choice of distractors, and therefore suggest some guidelines. If the 
stem is a question, the distractor must start with a capital letter. If the stem needs to be 
completed, the distractor must start with a lower-case letter. When a distractor is 
numerical, the use of a decimal comma instead of a full stop is advised to avoid a 
misunderstanding. 
Berry and Chew (2008:305-312), and Wiliam et al. (2010:49-65) report that the 
answers of students in previous assessments can be used as realistic distractors in 
future MCQs as they were plausible enough to be chosen. This is an important 
principle for design and in this study, the incorrect answers of the students in the 
baseline assessment were used as distractors for the post-test. Siddiqui et al. 
(2016:114-121) concur that distractors must be believable and that they can comprise 
common errors made by previous students. This is a valuable guideline as assessors 
can use their own experience of common mistakes from previous assessments to use 
as distractors. It may then, unfortunately, happen that a student will most likely find a 
correct option between the well-chosen distractors. Although the answer is not correct, 
the student may feel satisfied because the answer of his/her calculated answer was 
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found to be one of the alternatives given as an option (Siddiqui et al., 2016:114-121). 
Benvenuti and Cohen (2010:1) state that feedback can then be of great value in 
learning. 
2.2.4 Online MCQs 
A need was observed by the researcher for MCQs to be used in assessing online 
problem-solving calculation questions. Guo, Palmer-Brown, Lee and Cai (2014:369-
383) state that e-learning has a very important place in higher education. By using e-
learning, higher education can become more accessible, effective and of a higher 
quality. 
In considering the use of CRQs, it is shown that online technology will contribute to 
better learning. In a study by Friel and Johnstone (1978:717-719), 83 students were 
assessed after doing CRQ-online questions (when an assessment is done on a 
computer without any possibility of choosing the correct option, like using MCQs without 
partial credit) and CRQ paper-based questions (when an assessment is done in the 
traditional way on paper where the lecturer marks it and give partial credit). It was found 
that the students did better in the paper CRQs than online, even without partial credit. 
If partial credit had been considered, the difference would have been even greater. 
Friel and Johnstone (1978:717-719) found that the difference was too significant to 
ignore. Although the study was carried out in 1978, the outcome is still valid today 
(Engelbrect & Harding, 2003:57-65). It is better to teach students to do proper 
calculations and not to rely on partial credit. Therefore, there is a place for online CRQs 
where only the answer is considered (Engelbrect & Harding, 2003:57-65). This is how 
the baseline assessment of this research was developed.  
Nicol and Dick (2007:199-218) explain that although the use of online MCQs is a useful 
way to assess knowledge, it lacks the validation of the answer. The advantages of 
online MCQs, according to Nicol and Dick (2007:199-218), are time efficiency, 
objectivity and quality that is guaranteed.  
Escudier (2011:440-447) adds that the advantages for assessors can be that less time 
is required for marking. The marking is objective, quick response to the data is 
observed, and online assessment is convenient. Velan, Kumar, Dziegliewski and 
Wakefield (2002:282-284) express that although assessors do not need to do 
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marking, they still have admission to the performance of the students and can still 
comment on it. Students are therefore able to receive immediate feedback. Escudier 
(2011:440-447) and Hewson (2012:488-498) ranked the performance of students 
when using online MCQs to be similar to that of CRQs. 
Kuechler and Simkin (2003:389) specify that one advantage of computer-based 
assessments is the capacity to capture the assessment results in an online format 
simultaneously with the completion of the assessment. All data are then available in 
an online format that is neither time-consuming nor loads of paper work to file. 
Blackboard software is an example of web software that can be used. Some 
programmes even give statistical analysis of the results, which can be very useful. 
Guo et al. (2014:369-383) developed a web based e-learning system that offers 
immediate feedback and online assignments that save time and provide stability in 
learning. The feedback given can be used endlessly and large numbers of students can 
benefit from this system. 
2.2.5 Online MCQs with feedback 
Guo et al. (2014:369-383) state that good feedback should explain standards, goals 
and criteria in order to give proper feedback and should enable the progress of self-
learning. Feedback should give proper evidence to the students to help with their learning 
and inspire discussion between the assessor and students. Feedback should motivate 
students’ self-confidence through a positive response, giving opportunities to improve 
knowledge, and giving information to lecturers to invest in student learning. Maier et al. 
(2016:85-98) have identified the following categories of feedback: 
 Simple or verification feedback – This is only to tell the student if the answer was 
right or wrong. 
 Elaborated feedback – This is specific or expanded feedback. 
There are three sub-categories of elaborate feedback: 
1. Task-specific feedback is given when students know the correct answer, 
and implies positive feedback (like well done!). 
2. Instruction-based feedback gives an explanation to help students in their 
understanding and learning. 
3. Extra-instructional feedback explores extra information to add to the 
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feedback. 
Maier et al. (2016:85-98) assert that if the feedback shows that the answer was correct, 
it increases the students’ confidence but distracts them from further feedback given. 
However, if the feedback message is that the answer is still wrong, students are more 
motivated to absorb this detail. According to the authors, it is preferred to give rather 
simple than more detailed feedback. The Theory of Feedback Interventions (FIs), as used 
in the theoretical framework of this study, reveals that feedback can either disappoint or 
compliment a student (Kluger & DeNisi, 1998:67-72). To use FIs in combination with 
goal-setting, the attention will be directed to focus on the task and not the self. This 
will motivate students to increase their knowledge. 
Alternatively, Higgins and Tatham (2003:1-11) find that the better the distractors are, 
the greater the ability of the assessor to provide valuable feedback. Students can 
benefit more from proper feedback if sufficient detail is given. Only saying that the 
answer is wrong does not identify the mistake and is not helpful to students. It was further 
claimed that they could forecast all common errors that students could possibly make 
and use these as possible distractors. It is not valuable to simply give the correct answer 
(Higgins & Tatham, 2003:1-11). Guo et al. (2014:369-383) disagree in saying that it 
cannot always be possible to foresee all possible errors that students could make. 
Therefore, they choose to give more general feedback for a group of questions. In a 
study performed on university students by Jordan (2012), he proved that the better 
and the more specific the feedback when using MCQs, the more useful the information 
and the better the results are. This sentiment is shared by the researcher and this 
principle was used in this study when feedback was designed for MCQ-items.  
Nicol and Dick (2007:199-218) found in their research on feedback effects that there 
can be significant inconsistencies in the expected results, which could be due to the 
assessor, content, timing, and to the value of feedback after an option was chosen. 
This variance in effectiveness could also exist due to the learning content, the task 
difficulty, the enthusiasm of students, self-credit, or learning goals. This can be 
ascribed to the FIs as these were used in the theoretical background (Section 2.3.4) 
of this study. Some categories of feedback may be more significant than others, 
especially for online MCQs (Epstein et al., 2002:187-201; Higgins & Tatham        
2003:1-11; Kuechler & Simkin 2003:389).           
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Payne and Brinkman (2007:71-75) studied the efficiency of corrective explanatory and 
video feedback that students use online to support their learning. These categories of 
feedback give an exact indication of which questions were answered correctly or not. 
The students need to use the feedback given and repeat the questions until they 
understand the concepts and answer the questions correctly. Every group of answers 
needs to have well designed feedback on the students’ level of thought without any 
misunderstandings. Students must be able to use the diagnostic feedback to test their 
own cognitive level. When they then repeat the test, new feedback will be given 
according to their knowledge status. This will enforce students to spend more time on 
self-assessment. By using concept-based feedback, guessing will be less tempting. 
They are then forced to read the feedback carefully or else they will not even know if 
their answer was wrong. The focus of a study done by Payne and Brinkman (2007: 
71-75) was on the formative assessment used in MCQs. They made use of an 
experienced examiner to investigate the students’ answers to give proper diagnostic 
feedback. 
According to Maier et al. (2016:85-98), feedback, especially when used in online MCQ-
assessment, is of the utmost importance but it is often neglected. Feedback 
encourages the learning process by giving information about incorrect answers. 
Feedback can be used effectively because of the interactive skills used in online 
assessments. 
Previous research shows that there is a difference in the effect of online and personal 
feedback. Recent research shows that various types of feedback can be used, while 
computer-based formative assessment is currently used the most (Maier et al., 
2016:85-98) 
2.2.6 Online MCQs with immediate formative feedback 
Immediate means as quickly as possible during the actual assessment, while 
formative feedback entails information that is made available to enable a student to 
change an answer during the process. In online MCQs, immediate formative feedback 
(IFF) can be given directly after the completion of each item, enabling students to 
immediately see that a mistake was made, and giving them the opportunity to choose 
another alternative based on the formative feedback provided.  
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Delayed formative feedback is feedback that is given to a student after a specified 
interval (Dempsey & Wagner, 1988:20-25). Delayed feedback can be given directly 
after the completion of an assessment. This might happen in less than one hour, one 
day or even one week after completion or before the next session. Delayed feedback 
is given after all of the questions have been answered (Clariana,Ross and Morrison, 
1992:5-17). 
The timing as to when feedback must be provided is a significant variable. According 
to Hattie and Timperley (2007:81-112), and Shute (2008:153-189), feedback must 
rather be given during the assessment procedure and not later. They also propose 
that the best time to give feedback depends on the content of the feedback. The timing 
of feedback is influenced by the kind of learning and assessment taking place. On the 
one hand, immediate feedback seems to be helpful for procedural learning or where 
the students need some help (as when doing calculations) because of the level of 
difficulty. On the other hand, delayed feedback may be more useful for tasks that 
students find less challenging to do (Wiliam, 2011:3-14). Most of the students who 
formed the sample for their survey preferred to get feedback immediately (Zendejas, 
Cook & Farley, 2010:432-438). It also resulted in progress in student performance and 
knowledge. 
Roediger and Butler (2011:20-27) note that when immediate feedback is used in 
assessment, more efficient understanding will result in the long term. Statistical 
analysis of online MCQs shows that the most used method is to give marks for the 
correct option and nothing for a wrong or missing answer. Bush (2006:398-404) has 
identified two critical problems with this, namely, that students need to choose one 
correct answer out of five possible alternatives without showing their thought process. 
Also, there is a delay in learning irrespective of whether the answer is right or wrong. 
Feedback is normally given after the first response, although for online questions, a 
second try can easily be allowed (Dempsey & Driscoll, 1989) or may even be repeated 
until the answer chosen is correct (Pressey, 1926:373-376; 1950:417-447; Buchanan, 
2000:193-200). Allowing students to retry several times has significant implications. 
Answer until correct (AUC) can help students to learn from their mistakes, and they 
will know if the final answer is the correct one. This was significant for this study as 
immediate feedback was given to the students to assist them in their thinking. 
42 
 
Wiliam and Thompson (2007:53-82) state that MCQs can be used for students to 
repeat the content of their curriculum until they know it well. When students have 
challenges, extra feedback will be given and discussions in groups will help to solve the 
problem(s) (Ramsden, 1992). Immediate feedback can be given on online MCQs to 
assist students with problem areas and to help them to do their revision. Students feel 
comfortable using online MCQs because these indicate where the problem areas are 
that they need to revise. Students can also use the discussion board to assist one 
another as an important part of peer assessment. This type of learning is not done very 
often yet. Online MCQs give students the opportunity to study in their own time. 
Immediate feedback can show students where to improve if they take responsibility and 
redo questions until they have the correct answer. 
Hadsell (2009:135-141) explains that the effectiveness of MCQs is in the immediacy 
of feedback. Thus, MCQs need to be designed with care to give students 
immediate, quality feedback. Epstein et al. (2001:889-894) find that immediate 
feedback is one of the most important recent improvements in online MCQs. Some 
online MCQs can be set up to give immediate feedback to students while they are 
busy doing their assessment, while others are set up to give extended feedback 
afterwards (Escudier, 2011:440-447). Response systems like clickers, where 
immediate feedback can be given, are available and are adequate to use with large 
groups of students (Schnell, Lukoff & Mazur, 2013:233-261). Heaslip, Donovan and 
Cullen (2014:11-24) outline that if a student feels lost regarding a certain part of the 
work done, knowledge can be recovered by using online MCQs with immediate 
feedback frequently. Brosvic et al. (2005:205-218) state that immediate feedback is 
an important part of formative assessment to guarantee that students do not repeat 
the same mistakes. Higgins and Tatham (2003:1-11) state that to give immediate 
rather than delayed feedback, common errors should be emphasised. Students can 
then learn from their own mistakes. The impact of feedback is the highest if it is given 
immediately after the assessment. This was significant in this study where immediate 
formative feedback played a prominent part in the development of the proposed 
MCQs.   
In the previous section, the immediacy of feedback was comprehensively discussed, 
but usually, this refers to post-assessment feedback. In the proposed MCQs central 
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to this research, the feedback needs to be available during the assessment process 
and is usually referred to as immediate corrective feedback. In the next section, the 
significance of immediate corrective feedback will be discussed.   
2.2.7 Online MCQs with immediate corrective formative feedback 
Much research has been done to use online MCQs without IFF to assess theoretical 
knowledge (Webb, 1989:216-218; Benvenuti, 2010:21:; Siddiqui et al., 2016:114-121). 
The literature shows that online MCQs are currently used to give IFF but without 
granting partial credit, e.g. Key train (LeFebrvre & Buddin, 2014), Respondus (Poutre 
et al., 2015), and Moodle (Brandl, 2005:16-23). Key training is where students can 
answer a question by choosing one out of a few possible answers. If the answer is 
wrong, immediate feedback, but no partial credit, is allocated to direct the student to 
the correct answer. This means that although the student gets feedback, the score is 
either 0 for a wrong answer or 1 for a correct answer. The questions set up in Key train 
are furthermore mostly theoretical in nature (LeFebrvre & Buddin, 2014). Respondus 
and Moodle are mediums using the Blackboard platform where lecturers can set up 
class tests or assignments using multiple distractors. The students can get their results 
with feedback immediately after completion, but no partial credit is given (Poutre et al., 
2015; Brandl, 2005:16-23). In all of these examples, simple feedback is used. The 
immediate feedback given is to tell students if their answer is right or wrong. 
Sometimes task specific feedback is used to tell students that the calculation was well 
done when they did it right or immediately show them the correct answer (Maier et al., 
2016:85-98). 
Clariana, Ross and Morrison (1991:5-17), and Dempsey and Litchfield (1993:303-327) 
describe a few different feedback approaches. Knowledge of response feedback 
indicates if the answer is right or wrong. Knowledge of correct response feedback is 
when feedback will indicate if the answer was right or wrong and give the correct 
answer too. Answer Until Correct (AUC) is when the question can be done more than 
once and the student will be allowed to make another choice until the correct answer is 
found. Elaborated feedback indicates to the student if the answer was right or wrong, 
and additional explanations are provided. Students need to learn from their own 
mistakes, and when corrective immediate feedback is given, they benefit more 
(Engelbrecht & Harding, 2003:57-65). This is where the current study can be of 
44 
 
significant value. 
2.2.8 MCQs with immediate formative feedback and the granting of partial credit 
Tamir (1990:563-573) found that almost 30% of students chose the correct MCQ 
answer for the wrong reason. Engelbrecht and Harding (2003:57-65) agree and add 
that the marking system could be to blame. They explain that the reason for a student 
making the wrong choice is an absence of knowledge or the presence of confusion. 
Students may, alternatively, have the understanding but get the wrong answer 
because of a minor calculation error. One of the disadvantages of MCQs is that most 
often, minor and major errors are treated as the same and no provision is made to 
grant partial credit for correct aspects of the answer or for getting the answer correct 
after making use of IFF.  
Much thought was given to ways to grant partial credit for MCQs that would decrease 
guessing (Harper, 2003:3-8; Smith, 2013:108). Engelbrecht and Harding (2003:57-
65), however, express their concern that students can then pass because of the partial 
credit granted for each question without ever getting full marks for a question. 
Immediate formative assessment techniques (IFAT) can currently be used to grant 
partial credit to students. This technique was introduced by Epstein, Epstein and 
Brosvic in 2001:889-894, according to Smith (2013:108). It was born out of their 
frustration that there was no difference in score for a student who guessed and a 
student who chose by eliminating their choices. Because MCQs can easily be an 
unsuccessful method of assessment, IFAT was developed (Merrel, Cirillo, Schwartz & 
Webb, 2015:50-55). By using the IFAT® forms, a student can immediately see if the 
chosen answer is correct or not. This is the approach of simple response feedback, as 
mentioned in the previous section. When the answer is incorrect, another opportunity 
is given. Partial credit will then be granted. The IFAT® form is a paper that is covered 
with a thin opaque film. The students then need to scratch the film away from the 
chosen option. The correct answer is indicated by a star or a blank for the wrong 
answer (Merrel et al., 2015:50-55) and the score depends on how many times a 
student had to choose a different answer to get to the correct one. See Figure 2.1 
below for an example. 
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Figure 2.1: Example of an IFAT® form 
This technique was developed to consider learning after the first choice made is 
wrong. Statistically, a student will have a 25% chance of guessing the correct option 
the second time if there are four possible options left – that is, one out of the four 
remaining options. In a study of second responses, 44.9% of the second response 
was significantly higher as compared to random guessing. This emphasised that 
students learned from their wrong answer. This shows that the IFAT® forms contribute 
to learning (Merrel et al., 2015:50-55).  
High performing students benefit the most from this procedure (DiBattista & Gosse, 
2006:311-328). In this technique, the immediacy of the feedback lies in the awareness 
of knowing that the answer is right or wrong, knowledge of simple response feedback. 
Partial credit is granted if the answer was incorrect (Epstein et al., 2002:187-201), but 
second or third choices are not based on any formative feedback as none is provided. 
The technique also benefits assessors as results are available immediately after the 
completion of the assessment (Brosvic et al., 2006:205-218). The students even need 
to write down the marks scored for each question depending on how many repetitions 
were completed, lessening the lecture time spent on marking. Studies show that 
students benefit more after the completion of an assessment using the IFAT® forms 
as compared to traditional MCQs (Brosvic et al., 2006:205-218). The actual reason for 
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the invention of IFAT was to give students a second opportunity to choose the correct 
answer instead of guessing. The opposite is, in fact, true as due to partial credit 
granted, students can continue trying until they get the correct answer and it promotes 
guessing. It is nonetheless a popular choice for MCQ-assessments among educators. 
Slepkov (2013:782-791) and Merrel et al. (2015:50-55) encourage science educators 
who currently experience challenges using MCQs to use IFAT. Using IFAT was not an 
option in this study as immediate corrective formative feedback was not given and the 
MCQ-assessments were not online. The students could not make use of it before 
choosing a new option in trying to get to the right answer. This implies that a set of 
MCQs must be designed with built-in IFF, coupled with the granting of partial credit so 
that successive student choices are informed by the formative feedback and are not 
random. 
2.2.9 Student preference for MCQs 
Assessment can be done using online CRQs or MCQs; research has been undertaken 
to gain the opinions of students regarding their preference for one or the other.  
2.2.9.1 Students’ preferences for online CRQs 
Foong (2015) finds that some students prefer CRQs due to: 
 The expression of own thoughts compared to the selection of provided options. 
This allows them to think instead of simply choosing an option. 
 It requires a skill to structure and explain their own answers. 
 It gives a better opportunity to prepare for the exam. 
 More effort is required to think, frame and communicate. 
 The flow of concepts is easier to follow. 
 Since MCQs often focus on only one part of a question, CRQs provide better 
conceptual understanding. 
 More explanation can be given for an answer. 
 Prior knowledge needs to be used, which enforces revision. 
 Ideas need to be expressed thoroughly and scientifically. 
 A full range of answers are allowed where MCQs give limited options. 
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 CRQs allow limited guessing. Deep and relevant thought must be given before 
answering to frame the answer in their own words. 
 Keywords in MCQs can give clues pointing to the correct answer. CRQs allow 
thinking about own keywords. 
 Skills to formulate thinking are required for the examiner to understand the 
students’ way of thinking. 
 Answers from other students can be used for revision purposes. 
2.2.9.2 Students’ preferences for online MCQs 
Foong (2015:87-89) further reveals that some students prefer MCQs because: 
 It is more time consuming to write out the answer. 
 Completing an assessment using CRQs, more stationary is needed and must be 
brought to class. 
 Some students do not prefer to write answers in sentences. They prefer using a 
clicker. 
 When answering in writing, the student may be under the impression that their 
answer is right, which is not always the case. They will only know when receiving 
the results.  
 Student may sometimes write silly answers for the sake of answering if they do not 
know the answer. 
 MCQs can help students to understand why the answer is right but the other 
distractors are wrong (depending on if they are given multiple opportunities to find 
the correct answer). 
Bridgman (1992:253-271) found that 81% of students preferred to do MCQs rather 
than CRQs. Hamilton (1994) in a similar study, discovered that 70% of mathematics 
students prefer MCQs to CRQs. Some stated that it was not even necessary for them 
to read all the alternatives to know what the answer ought to be. They also admitted 
the possibility of guessing the correct answer when using MCQs. This can sometimes 
be an option if one really does not know the correct answer. 
Students place high value on the following features of online MCQs ( Sambell, Sambell 
& Sexton, 1999:179-191; Canfield, 2001:152-158; Marriott & Lau, 2008:73-90): 
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 Immediate formative feedback given; 
 Option to work at your own pace; 
 Identification of areas to improve; and 
  Useful to redo for revision. 
2.2.9.3 Students’ preferences for online assessment 
The reasons that students give for preferring online assessment include (Engelbrecht 
& Harding, 2004:217-231): 
 When answering online, you can complete the assessment in your own time and 
under less exam stress that can cause you to forget what you learnt. 
 Time can be more organised in online assessments due to the immediate 
feedback of online MCQs and the convenience in receiving results immediately.  
 When you can see your results immediately, you will see what parts of the work 
need more attention. 
 Online assessments can be done in the students’ own time. This results in the 
students planning their own study time and doing the online assessment where 
ever it fits into their schedule. It does not require physically going to campus. 
 Online assessments expose students to the latest technology. Therefore, their 
computer skills may also improve. 
2.2.9.4 Students’ preferences for assessment on paper 
The reason students give for preferring written paper assessments are (Engelbrecht 
& Harding 2004:217-231): 
 Partial credit is granted when doing paper CRQs, which can turn the scale 
towards passing or failing. This is unfortunately not yet common when using 
online assessment. 
 Students are used to the constructed way of writing an exam on paper.  
2.2.9.5 Comments offered by students with no preference 
Some students think that both methods are equally acceptable when doing 
assessments. They might prefer online assessment more in some circumstances but 
find the written part practical when, for instance, a computer is not available. 
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There are benefits and drawbacks to both methods. It is possible to guess the correct 
answer in MCQs, but partial credit is granted in CRQs where the answer is wrong due 
to some aspect being misunderstood or a mistake being made in some part of a 
calculation.  
Einig (2013:847-848) did a study where she asked students to rate the efficiency of 
MCQs vs CRQs on a five-point Likert scale, where five is very useful and one is not 
useful at all. The average outcome for the two different cohorts were both more than 
four out of five. This implies a positive preference for MCQs. She further asked the 
students to clarify the reason for their answers. The students answered that MCQs 
gave them the chance to practise in their own time, get immediate formative feedback, 
and it helped them to recognise the gaps in their knowledge. 
In conclusion, the explored literature has the following implications for this study: 
 Online assessments are becoming more common and are often preferred by 
lecturers and students;  
 Unfortunately, online MCQ-assessments are, at present, not yet used much to 
assess higher level conceptual understanding. Calculations are not yet assessed 
validly and fairly using MCQs as limited delayed feedback is given, partial credit 
is not granted, and not much learning can take place if students do not know what 
they did wrong;  
 There probably could be a way of assessing calculations using online MCQs as 
long as immediate formative feedback is given during the assessment. Students 
must also be given additional opportunities to find the correct answer by using the 
feedback and if partial credit is granted for finding the correct answer. 
2.3 THEORETICAL FRAMEWORK 
The purpose of a theoretical framework is to indicate how the current research fits into 
the familiar context of the reader (Maxwell, 2013). It provides a representation of what 
is known in general. This current study was built on four theories.  
2.3.1 Bloom’s taxonomy 
Bloom stated in his taxonomy (1969) that evaluation (assessment) should not only focus 
on the recollection of facts. The higher forms of thinking require students to analyse and 
50 
 
evaluate information, which is of great importance. Bloom explained assessment to be 
the evaluation of student learning (Wiliam, 2006:283-289). 
Assessment at all levels is therefore necessary, according to Bloom (1969), as 
demonstrated in Figure 2.2.  
 
Figure 2.2: Bloom’s Taxonomy 
Gibbs and Simpson (2005:3-31) emphasises the value of thorough assessment in higher 
education. He states that assessment based on knowledge alone is being developed into 
an assessment of skills, competencies and abilities rather than knowledge only. 
Assessment can be seen as a very persistent system that control students, even more 
than what most lecturers would like to acknowledge. Currently, MCQs are mostly used to 
test theoretical knowledge while the urge in this study was to propose that the assessment 
should rather be based on the testing of knowledge only, and not on skills, competencies 
and abilities.  
This research proposes the use MCQs with IFF, and the granting of partial credit to assess 
knowledge and skills at higher cognitive levels. 
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2.3.2 The Assessment Component Taxonomy 
Though assessments were traditionally given at the end of a block to test the 
knowledge of students, it is increasingly being used to motivate and support learning 
(Geyser, 2004). Therefore, there is a difference between learning from assessment 
and learning for assessment. Huntley et al. (2011:3-16) used this background to 
propose a taxonomy named the Assessment Component Taxonomy. 
The Assessment Component Taxonomy was developed to identify the components in 
mathematics where alternative assessment methods like MCQs could be used. Smith 
et al. (1996:65-77) modified Bloom’s Taxonomy to structure assessment tasks. He 
called his taxonomy the Maths Taxonomy. By using Bloom’s Taxonomy (Bloom, 
1969), and the Maths Taxonomy (Smith et al., 1996:65-77), the mathematics 
assessment components are categorised according to the cognitive levels of difficulty. 
The taxonomy consists of seven mathematical components; see Table 2.1 (Huntley et 
al., 2011:3-16). The researcher is of the opinion that this is also relevant for science 
because calculations are used in both subjects. 
Table 2.1: Mathematics Component Taxonomy and cognitive level of difficulty 
 
In Table 2.2, Huntley et al. (2011:3-16) align the assessment components with the 
cognitive skills required. 
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Table 2.2: Mathematics Assessment Component Taxonomy and cognitive skills 
 
From the results of a study carried out by Huntley et al. (2011:3-16), as illustrated in 
Table 2.2, it was found that MCQs performed better as an assessment method in the 
technical and modelling components than CRQs. It is still challenging to set up MCQs 
in the logical and consolidation components because CRQs performed better in those 
areas. There is no noticeable difference in using either MCQs or CRQs in the 
disciplinary assessment component. In the conceptual and problem-solving 
assessment components, MCQs performed only slightly better than CRQs. The 
problem-solving component is focused on finding a mathematical method to solve 
word problems. The way in which Huntley et al. (2011:3-16) approach the problem-
solving questions is to divide them into sub-questions concentrating on different 
cognitive skills. Marks are then allocated step-by-step. The comparison of CRQs and 
MCQs and their successes is presented in Table 2.3 below.  
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Table 2.3: Comparison of the successes of MCQs and CRQs 
 
The Assessment Component Taxonomy was chosen as the theoretical framework for this 
research as it indicates where in the taxonomy MCQs may be used successfully.  
2.3.3 Item Response Theory 
The pioneering work of the Item Response Theory (IRT) was done between 1950 and 
1960 by Frederic M. Ford, George Rasch and Paul Lazarsfeld. Benjamin Wright and 
David Andrich later did more research on this topic (Lord, Melvin, Novick & Birnbaum, 
1968).  
IRT is a model that tests the reaction of a student to a question. On the one hand, a 
student with good skills will most probably answer an easy MCQ due to a correct 
calculation and therefore will choose the correct alternative. On the other hand, if a student 
has poor skills and the question is difficult, he/she will probably answer the MCQ wrong 
due to making a common mistake within the calculation process (Hambleton et al., 1991). 
The IRT is the mathematical function that gives the probability that a student with a 
specific ability will answer the question correctly. IRT does not assume that the level of 
difficulty for all questions are the same (Moncrief & Foster, 2012). It sets the focus of the 
theory on the item that is compared to another item. This is an improvement on the 
Classical Test Theory, which sets the focus on the test-level.  
The three parameter IRT model includes a parameter that indicates the chances that a 
student could guess the answer correctly. The guessing parameter is a person parameter 
because the guessing of an item is done on an individual basis. The distributions of these 
parameters indicate the degree of guessing (Hambleton & Swaminathan, 2013). 
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It was found in IRT that students make estimated guesses and do not just guess 
randomly. In this study guessing was shown to be a concern when using MCQs as an 
alternative assessment method. 
2.3.4 Feedback interventions 
Kluger and DeNisi (1996:67-72), who did important work on Feedback Interventions 
(FIs), define it as one of the most widely functional psychological interventions. This 
feedback is psychological because it can determine if attention is shifting away from 
the task towards other goals, like the self. FIs give students feedback regarding their 
task performance (Ilgen, Fisher, & Taylor, 1979::349; Kluger & DeNisi, 1996:67-72), 
which could either disappoint or compliment the student (Kluger & DeNisi, 1996:67-
72). Using FIs in combination with goal-setting, attention will be directed to the task at 
hand and not the self.  
Feedback from a computer will increase task motivation, and therefore performance 
too. The feedback source, as well as the usefulness thereof will make a difference in 
performance. Those are not the only factors; Alder (2007:157-174) indicates that the 
timing and frequency of the feedback are also important. If participants are motivated 
and treated fairly, it will reflect positively in the quality of their work, but not necessarily 
negatively on the quantity thereof. In contrast, unfair treatment will lead individuals to 
sacrifice quality with no increase in quantity of production (Alder, 2007:157-174). 
In this study, the proposed feedback, given online by a computer, increased task 
motivation even further due to the use of IFF with the granting of partial credit. This 
was hypothesised to make a difference in performance because the participants would 
be motivated and treated fairly. The researcher posited that it would reflect positively 
in the quality of work by taking the focus away from the self and back to the task. 
2.4 SUMMARY 
The literature review explored the scholarly work relevant to this study.  
This study focused on the use of MCQs to assess problem-solving calculations and 
the following aspects derived from the literature study were relevant in this endeavour. 
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When assessment is used to satisfy the learning needs of students, it is considered to 
be formative. Formative assessment can only be useful if feedback is given to the 
participants. The extent of the feedback is important, but the timing even more so as 
the sooner the feedback is given, the more the students will benefit from it. Immediate 
formative feedback is helpful if it is given as soon as it is allowed. If the assessment 
was to be given online, more students could make use of it in their own time and could 
see the outcome of their assessments immediately. 
MCQs and CRQs are the two main methods of formative assessment. Online MCQs 
are currently being used more often and are useful for self-study. This saves marking 
time and enforces consistency between different assessors. Cheating can also be 
prevented by randomising the questions.  
The distractors for MCQs, however, must be chosen with great care. If the distractors 
are not functional, the validity and reliability of the questions will be affected negatively. 
Students can then also choose the correct answer for the wrong reasons. Moving from 
CRQ- assessment methods to MCQ-assessments will initially increase the workload, 
but after a database has been set up, the workload will be substantially smaller. 
Online MCQs without IFF cannot be used to assess problem-solving calculations 
effectively. This is because students get no immediate feedback that they can utilise 
and for which they can be awarded partial credit if they correct their mistakes and find 
the correct solution. IFAT was designed to give students a second chance to choose 
the correct answer, but immediate corrective feedback is still not granted for giving the 
incorrect answer. At present, there are therefore no MCQs in any format entirely 
suitable for assessing problem-solving calculations effectively.   
In a quest for a solution to this dilemma, this research investigated the possibility of 
designing MCQs in which formative corrective feedback is given during the 
assessment process, where students get multiple opportunities to find the correct 
answer after utilising the feedback, and where partial credit is granted that may 
overcome the present shortcomings of MCQ-assessments. This would make them 
suitable for assessing problem-solving calculations effectively.  
The next chapter deals with the research methodology used to conduct this research.   
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: RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
As indicated in the previous chapter, the literature shows that online MCQ-assessment is 
a popular way to assess knowledge and it is most often used without giving immediate 
formative feedback.  
This chapter provides an overview of the research design and research methods used to 
investigate if an appropriate form of online MCQs with IFF and the granting of partial credit 
can be developed and used to assess problem-solving calculations effectively. In this 
vein, Creswell (2012:3) explains, “Quantitative research includes a substantial amount of 
literature at the beginning of the study to provide direction to research questions or 
hypotheses.” This is believed to have been done effectively in the previous chapter as 
meaningful research question, sub-questions and hypotheses were derived from the 
literature study. This will be discussed forthwith. 
3.1.1 The research sub-questions 
The following sub-questions were formulated to answer the main research question: 
 When setting online MCQs, how can an assessor determine which distractors 
would anticipate the mistakes that students could make so that formative feedback 
can be built in to indicate to them what they did wrong and how to correct it? 
 Can online MCQs without IFF replace CRQs in fairly assessing students’ ability to 
do problem-solving calculations in science? 
 Are online MCQs with IFF, and the granting of partial credit, more reliable and fair 
than MCQs without IFF in assessing students’ ability to do problem-solving 
calculations in science? 
 Can online MCQs with IFF and the granting of partial credit be used to assess 
problem-solving calculations as a fair and valid alternative to CRQs? 
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3.2 RATIONALE FOR EMPIRICAL RESEARCH 
Much research has been done on the use of online MCQs without IFF to assess the 
theoretical knowledge of students. The literature shows that IFF feedback can be given 
when doing online MCQ-assessments but without granting partial credit. Key training 
(LeFebrvre & Buddin, 2014), Respondus (Poutre et al., 2015), Moodle (Brandl, 2005:16-
23) and two and three tier 5 (Caledon & Subramaniam, 2010:939-961) are examples of 
MCQs with immediate feedback but without the granting of partial credit. Online MCQs 
can currently also be used to grant partial credit to students but without immediate 
corrective formative feedback, such as IFAT (Merrel et al., 2015:50-55). This study was 
therefore undertaken to investigate the effective use of online MCQs for problem-solving 
calculations where IFF is given during the assessment process, where multiple 
opportunities are given to find the correct answer after making use of corrective feedback 
and where it is possible to grant partial credit. 
3.3 RESEARCH DESIGN 
The aim of this study was to contribute to the current pool of knowledge regarding the use 
of online MCQs to assess problem-solving calculations with IFF and with the granting of 
partial credit. 
De Vos, Fouché and Delport (2011:142) describes a research design as the method used 
to collect detailed data. Furthermore, it is a plan to guide the study to gain maximum 
control over the factors that can interfere with the validity of the research results (Mzee, 
2016:1-19). According to Burns and Grove (2001:223), 
The research design is the researcher’s overall plan for obtaining answers to the research 
questions guiding the study. Designing a study helps researchers to plan and implement 
the study in a way that will help them obtain the expected results. 
The research design of this  study is the plan and technique that includes the assumptions 
made from the assessment. Formative assessment with IFF and the granting of partial 
                                            
5Two-tier tests are a more cultured form of MCQ. The first tier is in an MCQ format but gives the students 
two choices. The second tier is in the MCQ format again, where the reason for the choice made in the first 
tier is asked.  
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credit was the specific focus of investigation (Creswell, 2012:3). This research was 
designed to determine the type of evidence that was required to answer the research 
questions posed in this study (De Vos, Fouché & Schurink, 2011:324). The researcher 
chose to collect data from an experiment to prove or disprove the hypotheses made 
(Creswell, 2009:16). The focus therefore was on finding answers to the sub-questions 
and therefore the research question. 
3.3.1 Research paradigm 
The researcher felt comfortable using the positivist paradigm as the research approach 
because the research to be undertaken was quantitative in nature, would involve an 
experiment, and the research findings would be noticable and measurable. The role of 
the researcher was focused on data collection and interpretation, where after the 
hypotheses were tested.  
3.3.2 Research approach 
A quantitative approach was used as the research was undertaken to explain the 
relationship between variables and to try and validate them (Leedy & Ormond, 2005). The 
variables of interest – the application of CRQs, MCQs without IFF, and MCQs with IFF 
and the granting of partial credit – were objectively measured and the researcher 
remained distanced from the students to draw unbiased conclusions (De Vos, Strydom & 
Delport, 2011:292). The statistical two-sample t-test procedure was used to draw 
conclusions from the data and the hypotheses tested (Maree & Pietersen, 2011:210). All 
of these aspects obviously fell within the gambit of quantitative research. 
3.3.3 Research type  
One group of pre-test, post-test, and pre-experimental research (De Vos, Fouché & 
Delport, 2011:145) was undertaken because the research was not focused on how the 
different groups would react to different types of assessment or the absence thereof, but 
on how one group would experience the application of different types of assessment. The 
comparisons were not made between the different groups but between the different types 
of assessment and their outcomes. In this research, one group was subjected to three 
types of assessment in the form of a pre-test and two post-tests in order to compare the 
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outcomes with one another. This research therefore also required the postulation of three 
hypotheses, as described under Section 3.4.2.  
3.4 RESEARCH METHODS 
Research methods entail the ways of collecting, analysing and interpreting data that 
researchers use to find answers to their research question and sub-questions.  
3.4.1 Sampling 
The students of the Engineering and Built Environment extended course at TUT 
comprised the population of interest. The extended course consists of 160 first-year 
students who exhibit the same demographic characteristics and who do not meet the 
academic requirements to enrol for the equivalent diploma course. The students were 
randomly assigned to one of four groups, which consisted of 40 students each, and one 
class of engineering science students was selected due to convenience (Chadwick et al., 
1984) as it was a group of students that the researcher was lecturing. One group of 40 
students represented the experimental group because they attended the same lectures 
and were taught the same content by the same lecturer over the same period of time. The 
experimental group was furthermore selected through purposive convenience sampling 
since it was the only group in which all of the students agreed to take part in the voluntary 
tests, for which they did not receive any credit. 
3.4.2 Data collection 
The data were collected by undertaking a one group pre-experiment (pre- and post-tests) 
(De Vos, Fouché & Delport, 2011:145) as explained in Section 3.3.3, to test the following 
three hypotheses: 
First hypothesis 
H0: There is no significant difference between the average mark for CRQs and online 
MCQs without IFF.  
H1: The average of CRQs is significantly higher than the average of online MCQs without 
IFF. 
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Second hypothesis 
H0: There is no significant difference between the average for online MCQs with IFF and 
the granting of partial credit, and online MCQs without IFF.  
H1: The average of online MCQs with IFF and the granting of partial credit is significantly 
higher than the average of online MCQs without IFF. 
Third hypothesis 
H0: There is no significant difference between the average for CRQs and online MCQs 
with IFF and the granting of partial credit.  
H1: The average of CRQs is significantly different to that of online MCQs with IFF and the 
granting of partial credit. 
A dependent two-sample t-test was used to decide if the null hypothesis should be 
rejected or not. This test was used because the average marks obtained by the 
experimental group for the same set of questions, which were assessed in two different 
ways, were compared. 
A baseline assessment was undertaken on an independent group of students (from a 
prior year) to identify the common mistakes that students make when doing a number of 
problem-solving calculations. The assessment required the students to answer the stated 
questions and to write down the calculations step-by-step to derive their answers. The 
same questions used in the baseline assessment were asked in the pre- and post-tests 
to the current students. This assessment was not done by the participants of the current 
study because the content of the assessment could not be known. The common mistakes 
identified were used to design the distractors for the MCQs and to design the online IFF 
used in the second post-test.  
The CRQs were written in a venue during normal lecturing times to make the 
circumstances as natural as possible. According to the ethical clearance requirements, 
an independent assistant was needed to assist in this study. Brenda Ngoma fulfilled the 
role of the independent assistant (see Appendix A for the consent form). She gave every 
student a random number between 700M and 790M, which also served as the 
confidential password to access the MCQs. It was compulsory that assessment M had to 
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be done before assessment N. Every random number given could only be used once. 
Assessment M represented the MCQs without IFF, and assessment N represented 
MCQs with IFF and the granting of partial credit. Four calculation questions on the topic 
work and energy, as required in the syllabus, were given to 40 first-year Engineering 
Science students to complete in a 90-minute period (Appendix C).  
The students answered the questions for the pre-test in writing on a paper with a carbon 
copy paper attached. The original paper was handed in for marking and the students used 
the duplicate as a reference when completing assessment M and N (the first and second 
post-tests). They used the problem-solving calculations of their copy from the CRQs to 
choose one of the five alternatives. At that moment they did not know if their answers 
were correct. Upon the completion of the online MCQs without IFF (assessment M), the 
students did the online MCQs with IFF and were granted partial credit (assessment N). 
Assessment N was designed by adding IFF and the granting of partial credit to 
assessment M. This was required to allow the students who chose the incorrect 
alternative to make further choices after applying the corrective feedback they received 
when making the wrong choices. The results of the different tests were then compared to 
analyse the three hypotheses (see Figure 3.1). 
  
Figure 3.1: The comparison between the average marks of all three tests 
A computer program was designed by a programmer, Henry de Nysschen, especially for 
the purpose of this study. The program can be found at the following link: 
http://at.lain.co.za. Provision was made for the students to do assessment M before they 
were allowed to do assessment N. M and N were chosen to ensure that the students 
would be forced to do the one assessment before the next assessment. Figure 3.2 and 
Pre-test (CRQ) 
First post-test 
(Online MCQ 
without IFF) 
Second post-test (online 
MCQ with IFF and the 
granting of partial credit), 
including multiple attempts 
First Hypothesis  
Second Hypothesis  
Third Hypothesis  
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Figure 3.3 show examples of assessment M and assessment N as they were given to the 
students. 
  
Figure 3.2: Example of computer program screen for assessment M 
 
Figure 3.3: Example of computer program screen for assessment N 
See screenshots of the program in Appendix D. 
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3.4.3 Data analysis 
The pre- and post-test were assessed in the following manner: 
In the pre-test, the CRQs were marked by the examiner with the granting of partial credit. 
A student who completed all of the calculation steps and the answer correctly received 
full marks. A student with an incorrect answer received partial marks for the correct 
aspects of the step-by-step calculations. Figure 3.4 shows that student A has full marks 
– five out of five, and student B made one minor mistake and received three out of five.  
 
Figure 3.4: Example of how marks are awarded in CRQs 
The first post-test was marked by means of the specifcally designed computer program. 
A student who chose the correct alternative in the MCQs without IFF assessment 
received full marks in contrast to a student who chose a wrong distractor, and who 
received no marks, these are shown in Figure 3.5. 
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Figure 3.5: Example of how marks are awarded in MCQs without IFF 
The second post-test allowed for multiple opportunities in the MCQs with IFF and the 
granting of partial credit. The assessments were marked as follows: 
a) If the answer was correct, the computer program would give the student five marks 
for the correct answer. 
b) If the student chose a wrong alternative, a specific IFF would be given to tell 
him/her what he/she probably did wrong and how it could be corrected. Four marks 
would be allocated if the correct answer was then chosen on the second attempt. 
c) Step b would be repeated if the student chose another wrong alternative. Two 
marks would be allocated if the correct answer was chosen on an attempt after the 
second round of feedback.  
The fifth distractor was, “Can I have a hint please?” 
i) If this option was chosen, a general hint was given and the student would still 
get a maximum of three out of the five marks for then choosing the correct 
alternative. 
ii) Step b above was repeated if the student chose a wrong alternative but the 
student could then only get a maximum of one out of the five marks. 
Figure 3.6 illustrates how a student who chose a wrong alternative could benefit by 
receiving partial credit when applying the IFF received in the next attempt. A student 
who chose the correct alternative on his/her first attempt would still receive full marks 
but would not benefit additionally from the IFF, as referred to in Section 2.2.1.  
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Figure 3.6: Example of how marks are awarded in MCQs with IFF and the granting of 
partial credit 
In the pre-test where the CRQs were used as the assessment method, the calculations 
were done step-by-step in writing. Partial credit was given and therefore the possible 
marks allocated could be 0, 1, 2, 3, 4 or 5. 
In the first post-test when the MCQs without partial credit were used, alternative answers 
could be chosen but a student could only get 0 or 5 marks. 
In the second post-test where the MCQs with IFF and the granting of partial credit were 
used, alternative answers could be chosen but if the answer was wrong, IFF was given 
and a student could get another chance to choose the correct answer based on the 
immediate corrective feedback. Therefore, a student could receive partial credit and could 
get either 0, 1, 2, 3, 4 or 5 marks (see Table 3.1).  
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Table 3.1: Presentation of the differences of the pre- and post-tests 
Assessment 
Written 
step-by-
step 
calculation 
Select 
alternative 
answers 
Multiple 
attempts 
IFF 
Partial 
credit 
Possible 
marks (out 
of 5) 
Pre-test 
(CRQs) 
X - - - X 
0, 1, 2, 3, 4 
or 5 
First post-
test (MCQs 
without IFF) 
- X - - - 0 or 5 
Second post-
test (MCQs 
with IFF and 
the granting 
of partial 
credit). 
- X X  X X 
0, 1, 2, 3, 4 
or 5 
 
3.4.4 Measures for trustworthiness 
Results are considered to be trustworthy if the study is shown to be reliable and valid. 
3.4.4.1 Reliability 
“Reliability has to do with the consistency or repeatability of a measure or an instrument. 
High reliability is obtained when the measure or instrument will give the same results if 
the research is repeated on the same sample” (Maree & Pietersen, 2011:147). Consistent 
scoring in MCQs is almost guaranteed (McCoubrie, 1990:709-712). 
The software program, written for the purpose of this study, can be used for other groups 
and for other problem-solving calculations. It can even be used for mathematics, which 
meets the requirement for the repeatability of an instrument. 
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3.4.4.2 Validity 
Validity is a quantity or instrument that measures what it is supposed to measure (Maree 
& Pietersen, 2011:147). The way to measure validity depends on whether a number of 
professionals will get the same answer for a specific problem (Haladyna, 2011). The 
validity of this study was established in several ways. Vos 
Internal validity  
“Internal validity threats are experimental procedures, treatments or experiences of the 
participants that threaten the researcher’s ability to draw correct inferences from the data 
about the population in an experiment” (Creswell, 2009:162).  
Internal validity refers to the factors that might have an influence on the relationship 
between the dependent and independent variables. The three assessments that 
comprised the experiment were completed during a continuous period of time so that no 
time passed between the different assessments. The first assessment was on CRQs (the 
independent variable), while the second assessment was on MCQ without IFF (the 
dependent variable). The third assessment was on MCQs with IFF and the granting of 
partial credit (the dependant variable). All three assessments were done on the same 
questions and nobody could get the questions from anywhere or anyone else. This 
implies that no external communication could influence the students’ marks. Therefore, 
no student could be positively or negatively influenced. The students were not forced to 
take part in this research; and an independent assistant was present to observe that all 
assessment requirements of the university were met. This study could therefore be 
considered to be internally valid. 
External validity 
The validity of a test is determined by how well it models the knowledge, skills and abilities 
that students must obtain. The external validity in this research was ensured by the 
following: 
The researcher did not favour any individual student. All of the students of a specific group 
were part of the sample group irrespective of their characteristics or level of knowledge. 
In this study, the difficulty levels of the chosen questions were selected carefully. During 
68 
 
the time when the experiment was carried out there were no power cuts. Because it was 
an online experiment, this could have caused serious trouble, fortunately it did not 
happen. 
Unfortunately, it was not possible to make provision for every calculation mistake that a 
student could possibly make, but provision could be made for the the most common 
mistakes that students could make because of a lack of subject knowledge or a 
misunderstanding. A specific part of the science syllabus was tested in this study, namely, 
the section on work and energy, which was properly taught to the students. The questions 
were  chosen to test the range of the work done on work and energy. The purpose was 
then to determine if there was a proper understanding of the work done. If the students 
did not understand the work and needed more guidance, IFF was used to help them and 
they could be granted partial credit. 
3.4.4.3 Objectivity 
Marking the online MCQs could not be influenced by subjectivity. The more questions 
there are in an MCQ-assessment, the more reliable the results will be. Therefore, this 
study could have been more accurate if more questions with different levels of difficulty 
were used. The variables were, however, objectively measured and the researcher 
remained distanced from the students to draw unbiased conclusions.  
Research variables 
The independent variable in this research was the problem-solving calculations that 
needed to be done as CRQs. 
The dependent variables were: 
 MCQs without IFF; and 
 MCQs with IFF and the granting of partial credit. 
Distractors were chosen carefully for the MCQs and tested thoroughly. A baseline study 
was done the previous year by giving students the same questions to do. The most 
obvious mistakes made by the students, were used as distractors for this study. Care was 
taken that no irrelevant information was given in either the stem or the distractors. The 
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students were not guided to the correct choices, but were given indications of what 
mistakes they made so that they could recalculate and find the correct answer. 
3.4.5 Ethical considerations 
De Vos et al. (2000) highlights the importance of considering ethical guidelines and ethical 
problems that might appear in the research. Subsequently, he points out several 
consequences that should be avoided: 
 Informed consent (Appendix A) requires a clear indication of the aim of this study, 
the procedures, advantages and disadvantages, the risks to which the participant 
may be exposed, and the reliability of the researchers, which were all discussed 
with the participant and his/her guardian.  
 The purpose of this study must be emphasised to minimise any harm to the 
participants (De Vos & Strydom, 2011:115). In this study, no personal questions 
were asked, which prevented any emotional harm being inflicted on the students. 
All information about the research was made clear to the students (De Vos & 
Strydom, 2011:115).  
 All 40 students that participated in this research signed a consent form to allow the 
researcher to use the information anonymously as part of this study. The 
information collected during the project, which was anonymous, was only used for 
research purposes and was not released for any academic assessment, study 
progress and/or disciplinary purposes.  
 The data will be stored for five years as hard copies in a locked cupboard and soft 
copies on a computer with password protection.  
 The independent assistant, Brenda Ngoma, also filled in a consent form (see 
Appendix A). 
McMillan and Schumacher (2001:150) suggest that the following cautionary ethical 
guidelines should be implemented: 
 “To respect the participant’s privacy. 
 To make every effort to minimise an inaccurate interpretation of the data. 
 To make known the results of the research to the participant and his/her 
guardian(s)”. 
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See Appendix A for the informed consent forms that all 40 participated students signed. 
There was no pressure on any student to take part in this study. They could withdraw at 
any time without any negative consequences. Ethical clearance for the research was 
granted by both TUT and UNISA (see Appendix B). 
3.5 SUMMARY 
The researcher identified a need for research regarding the use of online MCQs to 
effectively assess problem-solving calculation questions in science. Quantitative research 
was undertaken using pre-experimental, one-group pre- and post-tests with a purposeful 
convenience sample. This was done to determine if the MCQs with IFF and the granting 
of partial credit could be used as an effective alternative for CRQs. Ethical clearance for 
the research was granted by both TUT and UNISA. 
In the next chapter, the data from the experiment will be analysed and interpreted. 
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: DATA ANALYSIS AND RESULTS 
4.1 INTRODUCTION 
In the previous chapter, the research design and methodology were discussed in detail. 
In this chapter, the data will be analysed and interpreted. 
4.1.1 Research design and methodology 
A quantitative approach was used to provide data via an experiment that was carried out. 
This data were analysed to verify if it could make a difference in the use of MCQs. The 
researcher set up a set of hypotheses from an experiment through a positivist paradigm 
approach. The main aim of this pre-experimental research was to identify the links 
between the use of MCQs with IFF and the granting of partial credit, and CRQs. The 
researcher studied a single group and was available during the assessment of the 
experiment for questions. Purposive convenience sampling was used to select an 
experimental group from the population who could participate in the experiment.  
4.1.2 Research question and sub-questions 
The main research question of this study is:  
Can online multiple-choice questions, designed to provide immediate formative 
feedback with the granting of partial credit, be used as an effective alternative for 
constructed written questions in the assessment of problem-solving calculations 
for Engineering Science students? 
The research sub-questions 
In order to answer the research question, the following sub-questions are formulated: 
 When setting online MCQs, how can an assessor determine which distractors 
would anticipate the mistakes that students could make so that formative feedback 
can be built in to indicate to them what they did wrong and how to correct it? 
 Can online MCQs without IFF replace CRQs in fairly assessing students’ ability to 
do problem-solving calculations in science? 
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 Are online MCQs with IFF, and the granting of partial credit, more reliable and 
fair than MCQs without IFF in assessing students’ ability to do problem-solving 
calculations in science? 
 Can online MCQs with IFF and the granting of partial credit be used to assess 
problem-solving calculations as a fair and valid alternative to CRQs?  
4.2 RESEARCH PROCESS 
The data collection process was completed as proposed in the methodology section of 
this study (see section 3.4.2). One of the anticipated challenges was the possibility of load 
shedding that could cause some problems because some of the assessments that were 
part of the experiment were done online – fortunately, that did not happen. The internet 
connection also functioned well, and the students did not experience any problems 
completing the online assessments. 
After the process had been explained to the students, the question papers were handed 
out, as well as the two blank papers interfaced with carbon paper. After each student 
received their confidential password, they completed the written CRQs. The assessment 
consisted of four calculation questions on the topic work and energy, as required in the 
syllabus. It was given to 40 extended Engineering Science students to complete in a 90-
minute period. One of the copies was handed in and was marked granting partial credit 
where parts of the calculations were correct, although the final answer might have been 
wrong. The other copy was used by the students to complete an online MCQ-assessment 
with no immediate feedback. The students were required to use the answers from their 
copy of the CRQ to complete the MCQs. The MCQs were marked and the results were 
compared with the results from the CRQs. The students then had to do the third 
assessment where IFF was included. This allowed them to obtain feedback and could 
change their answers based on the corrective feedback, and could gain partial credit for 
finding the correct answer on a second or third attempt. At this time in the post-test, 
students would not yet know the results of the previous two assessments. 
A specially designed computer program was used to allocate partial credit. Depending on 
the number of choices the students needed in order to find the correct answer, he/she 
could receive five, four, three, two, one, or zero out of five for each question.  
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The average marks for the CRQs were compared with the average marks for the online 
MCQs without IFF, and then also with the average marks of the online MCQs with IFF. 
This allowed multiple-choices to find the correct answer and the granting of partial credit 
depending on the number of attempts needed to do so. Lastly, the average marks of the 
two MCQ-assessments were compared.  
Figure 4.1 is a presentation of how the experiment and its associated pre- and post-tests 
were set up. The CRQs are written as pre-test. Post-test 1 was then online MCQs with 
the same questions. The common mistakes from the baseline assessment were given as 
distractors. Post-test 2 was then assessed via online MCQs where immediate feedback 
was given. 
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Figure 4.1: Graphical presentation of the research process 
2. Design multiple-choice 
alternatives to represent 
one correct answer and 
four incorrect answers that 
represent common 
mistakes for an online 
MCQ-assessment. 
Pre-test: 
CRQs 
First post-test: 
Online MCQs without 
IFF 
Second post-test: 
Online MCQs with IFF 
and the granting of 
partial credit 
3. Add IFF to each 
multiple-choice alternative, 
making it possible to 
choose a different answer 
after making use of the 
feedback and built-in partial 
credit 
1. Baseline assessment to 
determine what common mistakes 
are made. 
75 
 
4.2.1 Reliability and validity 
Objectivity when marking MCQs make these much more reliable. This method of 
assessment is valid because no maturation or regression can take place. 
4.2.1.1 Reliability 
It is much more reliable to mark MCQs because the answer cannot be influenced by 
subjectivity, which entails more stability. The assessment was given to all four groups; 
and it was found that the outcomes for the students who had completed all three 
assessments were similar for all four groups. The data obtained from the one group were 
thus reliable. The single group was selected non-randomly through purposive sampling 
in the pre-experimental procedure. 
4.2.1.2 Validity 
The three assessments were written during the same period so that no time passed during 
the different tests of the experiment and no communication could influence the students’ 
marks. No maturation or regression could therefore take place. In this research, only four 
questions could be used to collect the data in one period of 90 minutes. The validity could 
have been stronger if more questions were asked and the level of difficulty differed. 
4.3 DATA ANALYSIS 
The analysis of the pre-and post-tests were done to make comparisons and to come to 
conclusions regarding the set hypotheses. 
4.3.1 Data analysis procedures 
The data were analysed by calculating the average standard deviation and variance for 
each assessment. The standardised AVERAGE, STDEVA and VAR statistical functions 
in Mircosoft Excel were used. Each assessment counted out of a total of 20 marks, which 
was converted to a percentage. The statistical description of the data is given in Table 4.1 
below. 
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Table 4.1: Description of the marks for the three assessments 
Assessment Number of 
students 
Average Standard 
deviation 
Variance 
Pre-test: CRQs 40 58.925% 15.952 254.48 
Post-test 1: Online 
MCQs without IFF 
40 36.875% 24.011 576.522 
Post-test 2: Online 
MCQs with IFF and the 
granting of partial credit 
40 61.125% 17.704 313.446 
4.3.2 Distribution analysis 
The relative frequency distributions of the average marks for CRQs, online MCQs without 
IFF, and online MCQs with IFF and the granting of partial credit were created and are 
shown in Figure 4.2. 
 
Figure 4.2: Distribution of the three assessments 
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The distribution of CRQs is indicated by the blue line in Figure 4.2. The distribution has a 
bell-like shape with a maximum frequency of 60%, which is relatively close to the average 
mark of 58.9%. 
The grey line in Figure 4.2 indicates the distribution of online MCQs without IFF. The 
students could only score 0%, 25%, 50%, 75% or 100% for the assessment since no 
partial credit was given. Most of the students scored 25% for this assessment with the 
combined average for all the students being 36.9%. The distribution of online MCQs 
without IFF does not match the shape and slope of the distribution of CRQs. This leads 
to the conclusion that online MCQs without IFF are not an effective alternative to CRQs. 
This will be futher analysed in Section 4.3.3. 
The distribution of online MCQs with IFF and the granting of partial credit (indicated by 
the green line in Figure 4.2) have a maximum frequency of 60%, with 80% following 
closely thereafter. The shape and slope of the distribution seems close to the distribution 
of CRQs, which leads to the conclusion that online MCQs with IFF and the granting of 
partial credit could be an effective alternative to CRQs. This will be analysed futher in 
Section 4.3.3. 
4.3.3 The testing of the hypotheses 
Statistical inferences were made from the data obtained from the experiments by means 
of hypothesis testing. The pre- and post-tests were conducted independently from each 
other since the pre-test was written before the post-tests and the first post-test before the 
second. The students did not know their results from the pre-test when completing the 
post-tests, or the results of the first post-test when doing the second. 
The dependent two-sample t-test was used to compare the average marks obtained by 
the experimental group in the two different types of assessment. The two-sample t-test 
depended on the marks to be normally distributed for each assessment. However, the 
normality of the distribution will not have an effect on the results of large groups (greater 
than 30) (see Appendix E for statistical tables).  
The statistical symbols used for the hypothesis testing in this section are given in Table 
4.2 below. 
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Table 4.2: Statistical symbols for hypothesis testing 
Symbol Description 
𝑛𝑖 Number of students who took assessment i 
?̅?𝑖 Sample average of assessment 𝑖 
𝜇𝑖 Population average of assessment 𝑖 
𝑆𝑖
2 Sample variance of assessment 𝑖 
𝜎𝑖
2 Population variance of assessment 𝑖 
Three hypothesis tests were conducted to answer the main research question. 
First Hypothesis 
The average marks for CRQs (𝑖 = 1 from Table 4.2) and online MCQs without IFF (𝑖 = 2 
from Table 4.2), when assessing problem-solving calculations were compared. A t-
distribution was fitted to the data and the one-sided, two-sample t-test was used to 
determine if the average mark from the CRQs was significantly higher than that of online 
MCQs without IFF. The following hypothesis statements were postulated: 
H0: There is no significant difference between the average mark for CRQs and online 
MCQs without IFF.  
H1: The average of CRQs is significantly higher than the average of online MCQs without 
IFF. 
A test statistic of 4.84 was calculated using 𝑇 =  
(?̅?1−?̅?2)−(𝜇1−𝜇2)
√𝑆1
2
𝑛1
 + 
𝑆2
2
𝑛2
 . The distribution could be 
estimated with a standard normal distribution since the degree of freedom was 78. 
A p-value of 0.000 001 298 was calculated to determine the level of significance for this 
test. The null hypothesis was rejected for all levels of significance > 0.000 001 298 – also 
at a 5% level of significance. There was evidence that the average for CRQs was 
significantly higher than the average of online MCQs without IFF with 95% confidence. 
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Second Hypothesis 
The average marks for online MCQs with IFF and the granting of partial credit (𝑖 = 3 from 
Table 4.2), and online MCQs without IFF (𝑖 = 2 from Table 4.2) when assessing problem-
solving calculations were compared. A t-distribution was fitted to the data and the one-
sided, two-sample t-test was used to determine if the average mark of online MCQs with 
IFF and the granting of partial credit was significantly higher than that of online MCQs 
without IFF. The following hypothesis statements were postulated: 
H0: There is no significant difference between the average for online MCQs with IFF and 
the granting of partial credit and online MCQs without IFF.  
H1: The average of online MCQs with IFF and the granting of partial credit is significantly 
higher than the average of online MCQs without IFF. 
A test statistic of 5.14 was calculated using 𝑇 =  
(?̅?3−?̅?2)−(𝜇3−𝜇2)
√𝑆3
2
𝑛3
 + 
𝑆2
2
𝑛2
 . The distribution could be 
estimated with a standard normal distribution since the degree of freedom was 78. 
A p-value of 0.000 000 287 was calculated to determine the level of significance for this 
test. The null hypothesis was rejected for all levels of significance > 0.000 000 287 – also 
at a 5% level of significance. There was evidence that the average for online MCQs with 
IFF and the granting of partial credit was significantly higher than the average of online 
MCQs without IFF with 95% confidence. 
Third Hypothesis 
The average marks for CRQs (𝑖 = 1 from Table 4.2) and online MCQs with IFF and the 
granting of partial credit (𝑖 = 3 from Table 4.2) when assessing problem-solving 
calculations were compared. A t-distribution was fitted to the data and a two-sided, two-
sample t-test was used to determine if the average mark of CRQs was significantly 
different to that of online MCQs with IFF and the granting of partial credit. The following 
hypothesis statements were postulated: 
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H0: There is no significant difference between the average for CRQs and online MCQs 
with IFF and the granting of partial credit.  
H1: The average of CRQs is significantly different to that of online MCQs with IFF and the 
granting of partial credit. 
A test statistic of -0.58 was calculated using 𝑇 =  
(?̅?1−?̅?3)−(𝜇1−𝜇3)
√𝑆1
2
𝑛1
 + 
𝑆3
2
𝑛3
 . The distribution could be 
estimated with a standard normal distribution since the degree of freedom was 78. 
A p-value of 0.5594 was calculated to determine the level of significance for this test. The 
null hypothesis was not rejected for any level of significance < 0.5594 – also at a 5% level 
of significance. There was, therefore, not a significant difference between the average 
marks for CRQs and online MCQs with IFF and the granting of partial credit at a 95% 
confidence level. 
The difference between the average for CRQs and online MCQs with IFF and the granting 
of partial credit was -2.2% (58.9% - 61.1%). This difference seems insignificant since the 
null hypothesis above was not rejected. This finding was checked to confirm that the 
difference was, in fact, significantly small. A 95% confidence interval was constructed 
around the difference to determine what size the difference could be for the null 
hypothesis not to be rejected at a 5% level, as well as the probability of committing a    
type II error (to not reject the null hypothesis where the alternative is true) with this 
decision.  
The 95% confidence interval for the difference was calculated as follows: 
 (?̅?1 − ?̅?3) − 1.96√
𝑆1
2
𝑛1
 + 
𝑆3
2
𝑛3
 ≤  (𝜇1 − 𝜇3) ≤ (?̅?1 − ?̅?3) + 1.96√
𝑆1
2
𝑛1
 + 
𝑆3
2
𝑛3
  
−9.59 ≤ (𝜇1 − 𝜇3) ≤ 5.19 
The probability of wrongly concluding (on a 95% confidence level) that the difference of 
the averages between CRQs and online MCQs with IFF and the granting of partial credit 
was not significant if the difference was greater than -9.89 or 5.19, was 0.0783. The online 
MCQs with IFF and the granting of partial credit could therefore be used as an effective 
alternative to CRQs. 
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4.4 DATA INTERPRETATION 
The research sub-question, “Can online MCQs without IFF replace CRQs in fairly 
assessing students’ ability to do problem-solving calculations in science?”, is answered 
by the first hypothesis in Section 4.3.3. The null hypothesis was rejected on a 95% level 
of confidence and the analysis showed that the average for CRQs was significantly higher 
than the average of online MCQs without IFF. Online MCQs without IFF can therefore not 
be used as an effective alternative to CRQs to assess problem-solving calculations in 
science.  
The next research sub-question, “Are online MCQs with IFF, and the granting of partial 
credit, more reliable and fair than MCQs without IFF in assessing students’ ability to do 
problem-solving calculations in science?”, is answered by the second hypothesis in 
Section 4.3.3. The null hypothesis was rejected on a 95% level of confidence and the 
analysis showed that the average for online MCQs with IFF and the granting of partial 
credit was significantly higher than the average of online MCQs without IFF. MCQs with 
IFF and the granting of partial credit are therefore more reliable than MCQs without IFF. 
Finally, the research sub-question, “Can online MCQs with IFF and the granting of partial 
credit be used to assess problem-solving calculations as a fair and valid alternative to 
CRQs?”, is answered by the third hypothesis in Section 4.3.3. The null hypothesis was 
not rejected at a 95% level of confidence. This finding was checked to confirm that the 
difference was significantly small. A 95% confidence interval was therefore constructed 
to identify the value of the difference between the average of CRQs and online MCQs 
with IFF and the granting of partial credit, for which the null hypothesis would not be 
rejected. The null hypothesis could not be rejected for a difference of between -9.59 and 
5.19 on a 95% confidence level and the subsequent probability of not rejecting the null 
hypothesis mistakenly was calculated at 7.8%. Online MCQs with IFF and the granting of 
partial credit could therefore be used as an effective alternative to CRQs. 
4.5 CONCLUDING REMARKS 
The outcome of the baseline assessment was used to set up the distractors for the online 
MCQ with IFF and the granting of partial credit. The researcher is of the opinion that the 
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more lecturers available to contribute to the database, the better it would become, 
containing more examples of common mistakes made by students. 
According to the analysis of the data, online MCQs with IFF and the granting of partial 
credit may be more reliable than MCQs without IFF in doing problem-solving calculations. 
The marks allocated for problem-solving calculations assessed through MCQs with IFF 
and the granting of partial credit could be an effective alternative to problem-solving 
calculations assessed by means of CRQs. The IFF allows students to choose a different 
answer based on the corrective feedback because partial credit is now granted for correct 
second, third or fourth attempts.  
The students would be able to learn from common mistakes and improve their learning. 
MCQs with IFF and the granting of partial credit could also be used as a class assessment 
method. 
The lecturer could also benefit if students could do problem-solving calculations with IFF 
and the granting of partial credit online because time and money would be saved with this 
type of assessment as it is marked by computer. 
4.6 SUMMARY 
In this chapter, the analysis and results of this study were explained. The research 
questions were analysed in detail and were answered satisfactorily. This led to the 
conclusion that MCQs could be designed to provide IFF and partial credit to students and 
could possibly be used as an effective alternative to CRQs in the assessment of problem-
solving calculations for Engineering Science students. 
The research process was discussed to explain the process followed in this research. The 
reliability and validity of this research were also discussed to show its trustworthiness. 
The mistakes made by the students in the baseline assessment were used as the 
distractors for the MCQs. In the experiment, the average of the CRQs and the average of 
the MCQs with IFF and the granting of partial credit were close to each other, with 99% 
confidence. The MCQs with IFF and the granting of partial credit could therefore be used 
as an effective alternative to CRQs to assess students with problem-solving calculations. 
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: SUMMARY, CONCLUSIONS AND 
RECOMMENDATIONS 
5.1 INTRODUCTION 
In this chapter, the conclusions regarding the topic under study are made in reference 
to the research aims and objectives, and in alignment with the findings. The limitations 
of this study are mentioned and the implications of this study for future research are 
presented. These relate to how online MCQs can be used to assess problem-solving 
calculations as long as they make provision for IFF and the granting of partial credit. 
Based on the findings of this study, recommendations are made for assessment 
practice. 
5.2 SUMMARY OF THE RESEARCH FINDINGS 
The key findings from the literature review and the empirical study will be discussed in 
this section. 
5.2.1 Key findings from the literature study 
In this study, the use of online MCQs with IFF and the granting of partial credit for problem-
solving calculations were explored. From the literature study, it became evident that e-
learning is becoming more popular with its associate reliance on technology. The use of 
online MCQ-assessments is an example of the utilisation of online technology in 
assessment.  
The consequence is a shift from the use of traditional assessment to solve calculations 
towards the extended use of MCQs as assessment method. The literature indicated that 
many assessors are not yet comfortable using online MCQs to assess problem-solving 
calculations (Section 2.2.6). They support the necessity for an assessment to be set up 
consisting of both CRQs as well as MCQs. 
It was found that the actual value of formative assessment is only visible when 
students lose marks and get feedback on how to improve their performance (Section 
2.2.1).  
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There is evidence that feedback is the most positive single influence on learning, 
motivation and success. The sooner the feedback is given, the more the students can 
benefit from it (Section 2.2.1.2). The basic reason for the use of formative assessment 
is that feedback has a useful positive effect on student learning, inspiration and self-
confidence. Students understand and remember the feedback the best when it is 
immediately given since each phase of the learning process builds on the previous 
phase. If no feedback is given, the next phase could be built on misconceptions. The 
process of moving from the traditional way of assessment towards online assessment 
would initially be time consuming until a database is set up (Section 2.2.1). 
MCQs and CRQs were classified as the two main methods of formative assessment. 
MCQs are currently a very popular method of assessment, and possess several 
benefits, such as automated marking, reliable scores, reduced marking time, and 
consistency between different assessors. The most important advantage of MCQs is 
that it can be done online, which will save time and can be done anytime by many 
students (Section 2.2.3). 
When MCQs are done online, cheating can be controlled by randomising the questions 
and there is no subjectivity from the examiner when marking. This makes MCQs fair 
and easy to mark. Constructing MCQs to assess the higher level of cognitive skills is 
a very difficult task and it needs investment in time to set up proper questions. When 
it comes to the marking of assessments, the return of this investment is seen (Section 
2.2.3). 
The design of effective distractors for different cognitive levels is also a huge 
challenge. If distractors are not functional, this could have an effect on the validity and 
reliability of the assessment. It could also lead to choosing the correct answer for the 
wrong reasons and can have a negative influence on the outcome. Those students 
who choose the correct alternative must be acknowledged. In an effort to overcome 
the guessing temptation, the two-tier test was introduced. The first tier is similar to 
traditional MCQs and the second tier gives a set of reasons for the given answer in 
the first tier. Negative marking was also suggested as an alternative. Another option 
is to set different marks for more challenging questions, or to give more distractors for 
each question (Section 2.2.2). 
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Online MCQs are used to give IFF without partial credit, e.g. Key train and Moodle. 
The students can get their results with feedback immediately after completion, but no 
partial credit is given. Immediate formative assessment techniques (IFAT) can 
currently be used to give partial credit to students, but without corrective IFF. This 
emphasises that students can learn from their wrong answer and that IFAT® forms 
contribute to significant learning (Section 2.2.8). 
From the literature, it was established that there was a need for using online MCQs to 
assess problem-solving calculations. Such MCQs, however, have to be developed as 
they need to include immediate feedback during the assessment process. 
Recalculation by making use of multiple opportunities, corrective feedback, and the 
granting of partial credit lead students to choose the correct answer. This study was 
undertaken to investigate this possibility. 
5.2.2 Key findings from the empirical study 
Three sets of findings will be put forward in this section: 
CRQs were taken (for the purpose of this study) as an assessment method that measures 
students’ ability accurately and fairly. Another popular way of assessing students’ ability 
is using online MCQs without IFF. This assessment method has many advantages 
(Section 2.2.3) that make this an attractive assessment method to use due to its efficiency 
and objectivity. It is, however, indistinct from the literature if this assessment method can 
be used as an effective alternative for CRQs in assessing problem-solving calculations in 
science. This was tested under the first hypothesis (Section 4.3.3) where the null 
hypothesis was rejected and it was concluded that the average for CRQs was significantly 
higher than for online MCQs without IFF on a 95% confidence level. Online MCQs without 
IFF cannot replace CRQs in fairly assessing students’ ability to do problem-solving 
calculations in science, and the second research sub-question was answered. 
An assessment method was proposed by the researcher for the purpose of combining 
the efficiency and objectivity advantages of online MCQs without IFF with the accuracy 
and fairness of CRQs to assess problem-solving calculations in science. IFF was added 
to online MCQs without IFF, and partial credit was granted by allowing students to apply 
the IFF to the question with multiple opportunities to choose an answer for partial marks 
at every additional opportunity. Online MCQs with IFF and the granting of partial credit 
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were firstly compared to online MCQs without IFF to determine if the students’ marks 
improved. The null hypothesis of the second hypothesis in Section 4.3.3 was rejected at 
a 95% confidence level and it was concluded that the average for MCQs with IFF and the 
granting of partial credit was indeed higher than that of MCQs without IFF. The third 
research sub-question therefore concluded that online MCQs with IFF and the granting 
of partial credit are a more reliable and a fair method to assess students’ ability to do 
problem-solving calculations in science. 
The researcher was satisfied that online MCQs without IFF could not replace CRQs when 
assessing students’ ability to do problem-solving calculations in science and that online 
MCQs with IFF and the granting of partial credit were more reliable than online MCQs 
without IFF. In order to answer the last research sub-question, and hence also the main 
research question, the researcher needed to determine if online MCQs with IFF and the 
granting of partial credit could be an effective alternative to CRQs in assessing problem-
solving calculations in science. The third hypothesis (Section 4.3.3) was used to test if 
there was a significant difference between the average marks for CRQs and online MCQs 
with IFF and the granting of partial credit. This hypothesis could not be rejected at a 95% 
confidence level and it was concluded for the fourth research sub-question that online 
MCQs with IFF and the granting of partial credit could be used as an effective alternative 
to CRQs. 
The findings align with the theoretical framework as follows: 
 It is necessary and possible to use online MCQs with IFF and partial credit to 
assess at higher cognitive levels, as suggested by Bloom (1968); 
 Online MCQs with IFF and partial credit still make it possible for students with 
a higher ability to be awarded for finding the correct answer on their first try in 
alignment with the IRT model (Lord & Novic, 1968);  
 Online MCQs with IFF and partial credit are particularly well-suited to the 
Feedback Interventions (FIs) Theory (Kluger & DeNisi, 1996:67-72) because 
IFF and the granting of partial credit will increase task motivation; and 
 Online MCQs with IFF and partial credit were found to be suitable for 
assessing at the problem saving level, as suggested in the assessment 
component taxonomy of Huntley et al. (2011:3-16). 
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5.3 RESEARCH CONCLUSIONS 
The research question formulated to address the purpose of this study is:  
Can online multiple-choice questions, designed to provide immediate formative 
feedback with the granting of partial credit, be used as an effective alternative for 
constructed written questions in the assessment of problem-solving calculations 
for Engineering Science students? 
The following sub-questions were formulated to answer the research question: 
 When setting online MCQs, how can an assessor determine which 
distractors would anticipate the mistakes that students could make so that 
formative feedback can be built in to indicate to them what they did wrong 
and how to correct it? 
A baseline assessment was done to identify the most common errors that students 
make when completing step-by-step constructed assessments for problem-solving 
calculations. Lecturers can also add to the identified common mistakes based on 
their past experience. The more times the calculations are repeated, the more 
refined the distractors may become when students do the same or similar 
calculations in answering online MCQs. 
 Can online MCQs without IFF replace CRQs in fairly assessing students’ 
ability to do problem-solving calculations in science? 
Currently, online MCQs without IFF cannot replace CRQs because neither partial 
credit nor IFF are given. It was found that students answering CRQs do much 
better than when answering MCQs without IFF. To answer using MCQs without 
IFF, a student can only have 1 or 0 as an outcome. The analysis showed that the 
average for CRQs was significantly higher than the average of online MCQs 
without IFF. Online MCQs without IFF can therefore not be used as an effective 
alternative to CRQs to assess problem-solving calculations in science (Section 
4.3.3). 
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 Are online MCQs with IFF, and the granting of partial credit, more reliable 
and fair than MCQs without IFF in assessing students’ ability to do problem-
solving calculations in science? 
If immediate formative feedback is given, students can see what they did wrong 
during the assessment process. This could help students to learn from their 
mistakes immediately and to recalculate and correct their mistakes based on 
the corrective feedback they receive. The granting of partial credit for the 
corrected answers enables them to learn from their mistakes and to improve 
their learning gains. The analysis showed that the average for online MCQs with 
IFF and the granting of partial credit was significantly higher than the average of 
online MCQs without IFF. Online MCQs with IFF and the granting of partial credit 
are therefore more reliable and fair than online MCQs without IFF (Section 4.3.3). 
 Can online MCQs with IFF and the granting of partial credit be used to 
assess problem-solving calculations as a fair and valid alternative to 
CRQs?  
The researcher discovered that online MCQs without IFF cannot replace CRQs 
when assessing students’ ability to do problem-solving calculations in science. It 
was also shown that online MCQs with IFF and the granting of partial credit were 
more reliable than online MCQs without IFF. The third hypothesis (Section 4.3.3) 
was used to test if there was a significant difference between the average marks 
for CRQs and online MCQs with IFF and the granting of partial credit. This 
hypothesis could not be rejected at a 95% confidence level, and it was concluded 
that online MCQs with IFF and the granting of partial credit could be used as an 
effective alternative to CRQs. 
5.4 RECOMMENDATIONS 
For MCQ-assessments with IFF and the granting of partial credit to be successfully 
implemented as an alternative to MCQs in assessing problem-solving calculations, a 
few recommendations should be considered: 
Recommendation 1: Lecturers must take note of the common errors that students 
make when completing step-by-step written problem-solving calculation assessments. 
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It is proposed that lecturers should collect these common mistakes over a period of 
time. It might even require that the same assessment be given for a few years to 
compare the different answers from the different cohorts to find common mistakes.  
Recommendation 2: Lecturers must work together in a team and use the same 
assessments on similar calculations to be able to identify the most common errors that 
students make. This will enrich and refine the collection of common mistakes made 
when doing calculations. 
Recommendation 3: All of the data gathered from different lecturers must be 
coordinated to set up a proper electronic database of common mistakes associated 
with different types of calculations. 
Recommendation 4: This database can then be utilised to decide on a set of 
distractors for a specific MCQ that would be aligned with the most common mistakes 
that students make.  
Recommendation 5:  Formative feedback should be composed to be immediately 
available during the assessment process to assist the students in correcting the 
mistake that led them to arrive at a particular wrong answer. It should be available as 
soon as the wrong answer is chosen so that students can recalculate based on the 
corrective feedback. This would then enable them to arrive at a different answer. 
Multiple-choices should be available in case another common mistake is made, and 
students would be afforded additional opportunities to correct their mistakes based on 
the corrective feedback for each alternative answer. 
Recommendation 6: The proposed methodology set out in the above 
recommendations could be utilised to develop viable, valid and fair online MCQ-
assessments for science or mathematics calculations. Such assessments are much 
cheaper in terms of time and labour costs as they do not require marking to be done 
by lecturers.  
Recommendation 7: Online MCQs with IFF and the granting of partial credit are 
eminently suitable for, and should be used when, assessing unlimited numbers of 
students. A further important benefit is that it is flexible in its application for different 
formative purposes, such as using it to diagnose understanding and do revision, class 
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tests and examinations. Its most important attribute, however, is that it allows learners 
to learn from their mistakes while doing the assessment (which is the best time of all 
to do so). It also assists in improving their understanding of calculations, which should 
eventually result in improved learning gains for students. 
It is important to note that the proposed MCQ-assessments with IFF and the granting 
of partial credit to assess calculations are not intended as replacements for all CRQ-
assessments, but can be an alternative in certain circumstances where classes are 
very big or where lecturers have a heavy workload that makes it difficult to also mark 
assessments. One can, of course, also combine MCQ and CRQ-assessments or use 
CRQ-assessments only where it is preferred. 
5.5 AVENUES FOR FURTHER RESEARCH 
Although it was found that MCQ-assessments with IFF and the granting of partial credit 
can be utilised as a fair and valid alternative to CRQs, there are some challenges that 
remain and require research, such as: 
 Guessing is still a factor that may influence results; 
 It is not possible to make provision for all possible mistakes in the distractors, 
which limits formative feedback and learning from mistakes, to an extent; and 
 A study designed to compare students of different academic levels is 
recommended in order to further investigate the effect of the students’ level of 
knowledge on the use of the proposed MCQ-assessments. The use of the 
proposed MCQ-assessments with IFF and the granting of partial credit was only 
researched in terms of calculations and not in regard to other types of learning 
on higher cognitive levels of Bloom’s Revised Taxonomy. 
 Lastly, the usefulness of the feedback associated with each distractor on further 
student success in arriving at the correct answer was not investigated and is a 
recommended research topic for further studies. 
5.6 LIMITATIONS OF THIS STUDY 
Online MCQ-assessment, as researched in this study, and immediate feedback to assist 
the learning of students regarding problem-solving calculations indicates promising 
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potential for use in practice. There are, unfortunately, important limitations in this study 
that must be taken into account: 
 The sample of this study was only 40 students. The small sample size resulted in 
a large standard deviation of the means for this research. If this study could be 
done with a bigger sample group, the findings would be more reliable. 
 The feedback provided is, unfortunately, limited because it is not possible to make 
provision for all possible calculation errors that students could make. 
 Guessing still plays a part in MCQ-assessments, which can skew results. 
 Only four questions were used to collect the data in one series of assessment. 
More questions would increase the reliability of the results. 
It is therefore suggested that these limitations should be taken into account when 
replicating this study. 
5.7 CONCLUDING REMARKS 
The research, although limited in scope, gave a definitive answer to the main research 
question. It is possible to use online MCQs with IFF and the granting of partial credit as 
an alternative to CRQs in problem-solving calculations.  
From the data analyses, the research question could definitely be answered. Therefore, 
online MCQs designed to provide immediate formative feedback with the granting of 
partial credit to students, can be used as an effective alternative to CRQs in the 
assessment of problem-solving calculations for Engineering Science students. 
It is the opinion of the researcher that this research made a contribution to the field of 
MCQ-assessments, and that the gap in knowledge regarding effective MCQ-
assessments for use in assessing problem-solving calculations has been addressed. 
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APPENDIX A 
 
 
 
 
 
 
INFORMATION LEAFLET AND INFORMED CONSENT 
PROJECT TITLE:  
The Use of Multiple Choice Questions by Students in a first year 
University Science Education Course at a residential University. 
Primary investigator: Mrs HA Terblanche,  
Bed Hons (Science and Technology Education) 
Study leader: Prof J Dreyer, College of Education, UNISA 
Dear Potential research participant, 
You are invited to participate in a research study that forms part of my formal MEd-studies.  This 
information leaflet will help you to decide if you would like to participate.  Before you agree to take 
part, you should fully understand what is involved.  You should not agree to take part unless you 
are completely satisfied with all aspects of the study.  
 
WHAT IS THE STUDY ALL ABOUT? 
Students need to be assessed in several ways. 
DEPARTMENT OF SCIENCE AND 
TECHNOLOGY 
COLLEGE OF EDUCATION 
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Questions need to be asked in class to confirm knowledge after facts are repeated often that will 
cause unstructured discussion. 
Some knowledge can be assessed by recognition – MCQ (Multiple Choice Questions) 
Sometimes lecturers make use of construct response to test calculations. 
Although the students do not have a choice in the decision of assessment by the lecturer, they 
need to accept the choice of assessment made by the lecturer. 
The research that I am doing is in the interest you as the student.  
I really believe that you will benefit out of it. 
It is to find a way that calculations can also be tested with MCQ if immediate feedback is given. 
You will then not get zero for a question if you make a simple mistake during calculation. Marks 
allocated for a written test will be the same as marks allocated by using MCQ. The data will be 
collected from 40 TUT students in the same class to assure that all conditions will be the same. 
Feedback will be given to inform the students of the findings. 
WHAT WILL YOU BE REQUIRED TO DO IN THE STUDY? 
If you decide to take part in the study, you will be required to do the following: 
1) Sign this informed consent form 
2) Answer the questions traditionally in writing, in duplicate. The one copy must be handed 
in and will be marked.  
Choose the correct one-out-of-four distractors online from the other copy. 
Repeat the same questionnaire online from your other copy with exactly the same 
questions and distractors. This time there will be hints for you to help. 
At this time you will not know your results from the previous test. 
The fifth distractor will be. “Can I have a hint please?” 
 If that option is chosen, a hint in general will be given and you can still get three out 
of the five marks if the second try is correct.  
 For trying a third time, you can still get one out of five marks 
 If the correct answer is chosen at first, you will get five out of five for the question 
 If you make the wrong decision by choosing the wrong distractor, a specific hint will 
be given that will tell you what you did wrong. If the correct answer is chosen the 
second time, you will get four out of five for the question. 
 By trying another time, you can get two out of five marks 
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You can redo this to learn from your own mistakes (with or without feedback) or this 
method can be used for testing. 
3) All 3 procedures will be taken in 1 period – 90 minutes. It will be taken once-off. 
4) The location will be in our normal class venue – building 2-364 
5) No specific requirements are necessary. It will be like a normal class test. 
6) There will be no cost involve to participate in this study. 
 
ARE THERE ANY CONDITIONS THAT MAY EXCLUDE YOU FROM THE STUDY? 
 
There is no condition of exclusion that is applicable on the study. 
CAN ANY OF THE STUDY PROCEDURES RESULT IN PERSONAL RISK, DISCOMFORT OR 
INCONVENIENCE? 
There is no risk involved by participating in this research because it is actually just another class 
test to be written 
WHAT ARE THE POTENTIAL BENEFITS THAT MAY COME FROM THE STUDY? 
The benefit of participating in this study is that you will make a contribution towards assessment 
of Multiple Choice Questions in teaching and learning. 
 
WILL YOU RECEIVE ANY FINANCIAL COMPENSATION OR INCENTIVE FOR 
PARTICIPATING IN THE STUDY? 
Please note that you will unfortunately not be paid to participate in the study.   
WHAT ARE YOUR RIGHTS AS A PARTICIPANT IN THIS STUDY? 
Your participation in this study is entirely voluntary.  You have the right to withdraw after writing 
the written test without any penalty or future disadvantage whatsoever.  You do not even have 
to provide the reason/s for your decision.  Your withdrawal will in no way influence your 
continued relationship with the lecturer or Engineering Science marks. Note that you are not 
waiving any legal claims, rights or remedies because of your participation in this research 
study. 
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HOW WILL CONFIDENTIALITY AND ANONYMITY BE ENSURED IN THE STUDY? 
All information obtained during the course of this study is strictly confidential.  The study data will 
be coded so that it will not be linked to your name.  Your identity will not be revealed while the 
study is being conducted or when the study is reported in scientific journals.  All the data sheets 
that have been collected will be stored in a secure place.  Any information that is obtained in 
connection with this study and that can be identified with you will remain confidential and will be 
disclosed only with your permission or as required by law.  The information received during the 
project will only be used for research purposes and not be released for any academic assessment, 
study progress, disciplinary purposes and/or study permit-related matters. 
IS THE RESEARCHER QUALIFIED TO CARRY OUT THE STUDY? 
The researcher is an adequately trained and qualified researcher in the study fields covered 
by this research project, specifically in education. 
 
 
HAS THE STUDY RECEIVED ETHICAL APPROVAL? 
Yes. The Faculty Committee for Postgraduate Studies and the Research Ethics Committee of the 
Tshwane University of Technology and UNISA have approved the formal study proposal. All parts 
of the study will be conducted according to internationally accepted ethical principles. 
 
WHO CAN YOU CONTACT FOR ADDITIONAL INFORMATION REGARDING THE STUDY? 
The primary investigator, Mrs H Terblanche, can be contacted during office hours at Tel (012) 
382-5531, or on her cellular phone at 082 888 5769.  The study leader, Prof J Dreyer, can be 
contacted during office hours at Tel (012) 542 3562.  Should you have any questions regarding 
the ethical aspects of the study, you can contact the chairperson of the TUT Research Ethics 
Committee, Dr WA Hoffmann, during office hours at Tel (012) 382-6265/46, E-mail 
hoffmannwa@tut.ac.za.  Alternatively, you can report any serious unethical behaviour at the 
University’s Toll Free Hotline 0800212341. 
 
DECLARATION: CONFLICT OF INTEREST 
This research study is funded by UNISA. No publication prohibitions, conditions or limitations are 
placed on the researcher. 
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A FINAL WORD 
Your co-operation and participation in the study will be greatly appreciated.  Please sign the 
informed consent below if you agree to participate in the study.  In such a case, you will receive a 
copy of the signed informed consent from the researcher. 
CONSENT 
I hereby confirm that I have been adequately informed by the researcher about the nature, 
conduct, benefits and risks of the study.  I have also received, read and understood the above 
written information.  I am aware that the results of the study will be anonymously processed into a 
research report.  I understand that my participation is voluntary and that I may, at any stage, 
without prejudice, withdraw my consent and participation in the study.  I had sufficient opportunity 
to ask questions and of my own free will declare myself prepared to participate in the study. 
Research participant’s name:                              (Please print) 
 
Research participant’s signature:                              
Date:                
 
Researcher’s name:                                                      (Please print) 
 
Researcher’s signature:                              
 
Date:                
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APPENDIX C 
Engineering Science Class test 7 Work and Energy – 2015 
 
Initials and Surname:  ____________________________  
Group number____      Class list number____ 
 
Use g = 9.81 ms-2     Round of to 2 decimal places 
Question 1 
A skip of mass 500kg is raised from a depth of 400m to the surface by a rope of 
mass 5kg/m. Calculate the work done to raise the skip for 100m above the surface. 
 
Question 2 
A horse pulls a car 100kg along a railway track by means of a rope inclined at 15o to 
the track.  The pull in the rope is 500N and the coefficient of friction is 0.2. 
Determine the amount of work done to move the car 15m.  
  
Question 3 
A truck is travelling at 15m/s down a hill when the brakes on all 4 wheels lock. The 
hill makes an angle of 10⁰ with respect with the horizontal. The coefficient of kinetic 
friction between the tires and the road is 0.5. How far does the truck skid before 
coming to a stop? Use conservation of energy. 
 
Question 4 
The speed of a car of mass 1.2 ton increases from 10 m/s to 45 m/s while travelling 
300 m up an incline of 1 in 40.  The tractive resistance 50 N per ton.  Determine the 
useful energy supplied by the engine. 
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Engineering Science Class test 7M Work and Energy – 2015 
 
Initials and Surname:  ____________________________  
Group number____      Class list number____ 
 
Use g = 9.81 ms-2     Round of to 2 decimal places 
Question 1 
A skip of mass 500kg is raised from a depth of 400m to the surface by a rope of 
mass 5kg/m. Calculate the work done to raise the skip for 100m above the surface. 
A) 735.75kJ  
B) 833.85 kJ  
C) 5150.25 kJ  
D) 1716.75 kJ  
E) 2207.25 kJ  
 
Question 2 
A horse pulls a car 100kg along a railway track by means of a rope inclined at 15o to 
the track.  The pull in the rope is 500N and the coefficient of friction is 0.2. 
Determine the amount of work done to move the car 15m.  
A) 4.66 kJ  
B) 4.69 kJ  
C) 4.3 kJ  
D) 4.56 kJ  
E) 7.24 kJ  
  
Question 3 
A truck is travelling at 15m/s down a hill when the brakes on all 4 wheels lock. The 
hill makes an angle of 10⁰ with respect with the horizontal. The coefficient of kinetic 
friction between the tires and the road is 0.5. How far does the truck skid before 
coming to a stop? Use conservation of energy. 
A) 2.40 m  
B) 35.94 m 
C) 23.64 m  
D) 25.32 m  
E) 35.05 m  
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Question 4 
The speed of a car of mass 1.2 ton increases from 10 m/s to 45 m/s while travelling 
300 m up an incline of 1 in 40.  The tractive resistance 50 N per ton.  Determine the 
useful energy supplied by the engine. 
A) 1261.29 kJ  
B) 290.1 kJ  
C) 4704.6 kJ  
D) 1243.35 kJ  
E) 1315.29 kJ  
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Engineering Science Class test 7N Work and Energy – 2015 
 
Initials and Surname:  ____________________________  
Group number____      Class list number____ 
 
Use g = 9.81 ms-2     Round of to 2 decimal places 
 
Question 1 
A skip of mass 500kg is raised from a depth of 400m to the surface by a rope of 
mass 5kg/m. Calculate the work done to raise the skip for 100m above the surface. 
F) 735.75kJ – Always from the top and use the correct part of the graph. 
G) 833.85 kJ – Use the 5kg/m 
H) 5150.25 kJ – Always from the top! 
I) 1716.75 kJ – Add the 500 kg 
J) 2207.25 kJ – Well done! 
K) Give me a hint please – Draw the sketch and the graph. Always from the top! 
 
Question 2 
A horse pulls a car 100kg along a railway track by means of a rope inclined at 15o to 
the track.  The pull in the rope is 500N and the coefficient of friction is 0.2. 
Determine the amount of work done to move the car 15m.  
F) 4.66 kJ – Not on the incline and use the horizontal component of the force. 
G) 4.69 kJ – Well done! 
H) 4.3 kJ – Recalculate FN 
I) 4.56 kJ – Use the horizontal component of the force 
J) 7.24 kJ – Use friction 
K) Give me a hint please – The car is not on an incline 
  
Question 3 
A truck is travelling at 15m/s down a hill when the brakes on all 4 wheels lock. The 
hill makes an angle of 10⁰ with respect with the horizontal. The coefficient of kinetic 
friction between the tires and the road is 0.5. How far does the truck skid before 
coming to a stop? Use conservation of energy. 
F) 2.40 m – Ek = ½ mv2 
G) 35.94 m – Well done! 
H) 23.64 m – Recalculate h 
I) 25.32 m -  Recalculate h 
J) 35.05 m – FN = mgcosθ 
K) Give me a hint please – Use the formula for energy conservation 
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Question 4 
The speed of a car of mass 1.2 ton increases from 10 m/s to 45 m/s while travelling 
300 m up an incline of 1 in 40.  The tractive resistance 50 N per ton.  Determine the 
useful energy supplied by the engine. 
F) 1261.29 kJ – Well done!! 
G) 290.1 kJ – Epi = 0 
H) 4704.6 kJ – Recalculate  h 
I) 1243.35 kJ – Recalculate Eloss 
J) 1315.29 kJ – Recalculate Ek 
K) Give me a hint please – Use conservation of energy 
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